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Summary
The RCA process is a regional catchment audit presenting situation and risk analysis.
It provides a ‘snap shot’ of information on the risk and impact to agricultural
production and natural resources within regional geographic catchments. It also
attempts to identify the best or most suitable options to manage the risk.  As part of
the process, landholders are provided with information on where to access further
support if necessary. The information collected during the appraisal process is also
suitable for local and regional strategic (agricultural) planning.
• The Gnowangerup-South Broomehill study area covers approximately 120,783
hectares in the Pallinup North Stirling and part Kent-Frankland sub-region, on the
South Coast of Western Australia.
• The town of Gnowangerup is within the study area and the town of Broomehill is
located directly adjacent to the study area to the north.
• The study area occupies 63,094 ha (52%) of the Broomehill Shire; 48,855 ha
(41%) of the Gnowangerup Shire; and 8,834 ha (7%) of the Tambellup Shire.
• Hydrology is influenced by landscape dissection, fractured bedrock, and network
of shear zones, faults and dykes as well as the relatively low rainfall.
• The main soil-landscape systems are the Upper Pallinup and Carrolup Systems.
Both of these are comprehensively described in the ‘Katanning Area Land
Resources Survey’ (Percy 2000).
Area of current degradation and hydrological risk (rising watertables)
• Hydrological:
Current area (Land Monitor): 5,349 ha (4.5% of study area)
At potential risk (up to 2 m): 19,196 ha (16% of study area)
• Other land degradation risks:
• Susceptibility to high soil acidity risk 50% of study area
• Susceptibility to high waterlogging risk 25% of study area
• Susceptibility high wind erosion risk area 35% of study area
• Susceptibility to mod-high water erosion risk 90% of study area
• Remnant vegetation:
• >70% of the remaining remnant vegetation is in river valleys, which are
at risk from rising watertables.
• Roads
• Total gazetted roads covering study area: 524 km
• Infrastructure (roads) at risk from shallow watertables (up to 2 m).
Sealed roads: 4.16 km
Unsealed roads: 10.51 km.
Strategies from the best currently available information to address reduction of
recharge and land degradation, as well as protection of remnant vegetation have
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been included in best management option tables.  The land management units are
based on previously identified (and document) units used across the Pallinup North
Stirling sub-region.
Several Internet and literature references are listed throughout the report. Internet
access to the rural community is growing. Most landholders either have private
access or can gain access through their local telecentre or public library for research
purposes.
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1. Introduction
The South Broomehill-Gnowangerup study area incorporates eight sub-catchments
(Wadjekanup, Peringillup, Pindellup, Jam Creek, Woodyarrup, Upper Pallinup,
Gnowangerup and Jackitup) and the townsites of Broomehill, Tambellup and
Gnowangerup (see Figure 1.1).  It covers a combined area of about 120,783
hectares.
With average annual rainfall varying from about 450 mm to less than 400 mm, there
is a diversity of farming systems ranging from broadscale cropping to sheep
production (wool and meat).  In recent years, production has included viticulture in
the west, aquaculture and commercial farm forestry.
This report focuses on the agricultural and natural resources at risk and attempts to
identify options to manage the potential risks within the area.
Figure 1.1. The South Broomehill–Gnowangerup appraisal area illustrating the eight
sub-catchments.
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2. Resource analysis
2.1 Climate
Clare McCarron (formerly Department of Agriculture)
The study area experiences a Mediterranean climate with cool, wet winters and dry
hot summers.  Temperatures can range from 0oC in winter to a maximum of 45oC in
summer.
2.1.1 Rainfall
The study area has average annual rainfall of between 400 and 450 mm (Figure 2.1).
It experiences a strongly seasonal ‘Mediterranean climate’ with cool, wet winters and
dry hot summers.  Most rainfall occurs in winter, when eastward moving low-pressure
systems to the south of the continent generate cold fronts bringing fairly reliable
winter rainfall (Figure 2.2).  Regionally, rainfall is higher at the coast and decreases
with distance inland.  However, the Stirling Ranges have a strong effect on the
distribution of rainfall and in summer there is sporadic rainfall from thunderstorms.
Annual rainfall can vary by more than 100 mm.  Table 2.1.1 shows that there is a
20% chance (one out of five years) of rainfall above 487 mm* (wet year) and a 20%
chance of rainfall below 348 mm (dry year) or an 80% chance of more than 348 mm.
Also shown are the driest and wettest years recorded since 1957.
Figure 2.1.1.  Average annual rainfall map of Western South Coast (Bureau of
Meteorology)
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Table 2.1.1. Annual rainfall for the South Broomehill-Gnowangerup catchment.
Interpolated data from Data Drill* for two sites in the catchment area.
Deciles
Location
Mean
(mm) 20%
Dry year
50%
Median
80%
Wet year
Minimum
(year)
Maximum
(year)
Peringil lup 420 348 432 487 253(1972)
562
(1982)
Gnowangerup 373 309 378 434 237
(1969 &1994)
509
(1971)
Figure 2.1.2.  Annual rainfall separated into growing season (May to October) and
out-of-growing season for South Broomehill-Gnowangerup study area
2.1.2  Temperature
Temperatures range from an average daily high in January of 29oC to winter highs of
15 to 16oC*.  When the recorded temperature drops to below 2.2oC the ground
temperature can drop to zero and frosts may occur.  Frost depends on cold
temperatures plus low wind speeds and humidity.  Frost may damage crops,
especially in September to October.
2.1.3  Wind
The risk of wind erosion is higher when there is little or no ground cover.  For crops
this is mostly during autumn to early winter and for stock the risk is higher during late
summer to autumn.  Soil type is also critical with lighter soils much more susceptible
than heavy soils.
For more information on wind erosion refer to:
Farmnote 87/94 ‘Stubble needs for reducing wind erosion’
Farmnote 45/93 ‘Wind erosion; monitoring the paddock status’
Farmnote 35/96 ‘Preventing wind erosion’ and
Chapter 7.1 ‘Wind Erosion’ in ‘Soilguide – A handbook for understanding and
managing agricultural soils’ Bulletin 4343 (1998) Agriculture Western Australia.
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Figure 2.1.3. Average monthly rainfall and evaporation (a) and average monthly
temperatures for Peringillup (b).  The graph shows the highest recorded
temperature for the month, the average maximum daily temperature, the
average minimum daily temperature and the lowest recorded temperature for
the month since 1957 (*interpolated data from Data Drill).
*These interpolated rainfall and temperature data were obtained from the Silo Data
Drill website. The daily climate data are derived from Bureau of Meteorology climate
stations.  For more information see the website at www.bom.gov.au/silo (The Data
Drill, Climate Impacts and Natural Resources Systems, Queensland Department of
Natural Resources 2000).
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2.2 Geology
Lisa Crossing, Hydrologist, Albany
The South Broomehill-Gnowangerup area lies within the southern margin of the
Yilgarn Craton.  This is a major tectonic unit consisting of a large stable mass of rock.
Basement rocks are Archaean (>1500 million years old).  These rocks are generally
igneous and metamorphic.  This zone contains numerous dolerite dykes that have an
east-west direction.  In hilly areas, the regolith (weathered or sedimentary material
that overlies basement rock) is shallow to moderately shallow (<20 m), and
occasional rock outcrops can be seen.  Regolith is mostly composed of in situ
weathered material over basement rocks.
Most of the Yilgarn Craton forms the Darling Plateau.  The hypothesis that the
Darling Plateau was uplifted during the Tertiary Period was made 87 years ago
(Jutson 1914).  To the south, there is a gradual transition from the Plateau to the
continental shelf, which is called the Ravensthorpe Ramp (Cope 1975). An east-west
drainage divide separates the Darling Plateau from the Ravensthorpe Ramp.  This
divide, which is between 100 and 120 km from the South Coast, forms a hinge line
(an uplifted ridge) named the Jarrahwood Axis (Cope 1975).
The study area is located within the northern precincts of the Ravensthorpe Ramp
with the Jarrahwood Axis forming its northern boundaries.  The Ravensthorpe Ramp
has a gradual southerly slope from about 350 m elevation near the southern edge of
the Darling Plateau (the northern boundaries of the study area) to sea level.  Rivers
draining to the South Coast are relatively short, and are incised into the tilted surface
of this Ramp.  The dissected and rejuvenated areas that are within the Gnowangerup
catchment, north of Ongerup and west of the study area, form the northern margins
of the Ravensthorpe Ramp.
2.3 Soil-landscape information
Angela Stuart-Street, Soils Resource Officer, Katanning
Eight soil-landscape systems have been identified and are described in detail below.
The catchment is dominated by the Upper Pallinup soil-landscape system (56% of
study area), which appears as undulating terrain in the upper reaches of the Pallinup
River in the eastern region of the study area.  Dolerite and gabbro dykes and
outcrops feature prominently here.  Widespread also is the Carrolup soil-landscape
system (42% of study area).  This broadly undulating terrain occurs to the western
region of the study area, forming the upper reaches of the Gordon River.  The
remaining six soil-landscape systems including Gordon Flats, Hydenup, Mooliup,
Nyabing, North Stirlings and Tieline, form just 2% of the study area.
Soils are predominantly Grey deep sandy duplex.  Red soils associated with dykes
are also widespread, and Grey shallow sandy duplexes are common, often with
alkaline subsoils.  Many of the subsoil clays are sodic.
The area was surveyed as part of the regional land resource survey between 1992
and 1999.  The results of this survey are in the Katanning Area Land Resources
Survey (Percy 2000), and Tambellup Borden Land Resources Survey (Stuart-Street
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et al. in prep).  The South Broomehill–Gnowangerup area lies in the Avon and Stirling
Provinces, largely within the Southern Zone of Rejuvenated Drainage, and the
Pallinup Soil-Landscape Zone.  Eight soil-landscape systems and their subsystems
have been identified and are shown in Table 2.3.1.
Table 2.3.1. Description of soil-landscape map units.
Soil-landscape units Landscape description and major soil groups
Carrolup (Ca)
50,648 ha (42% of
area)
Gently undulating to undulating rises, with low hills and narrow alluvial
plains.
Ca1 Upper slopes, hil lcrests and breakaways.  Sandy gravels with minor areasof gravelly pale deep sands.
Ca1s Sand sheets on upper slopes and hillcrests.  Pale deep sand and paleshallow sand are dominant.
Ca2 Lower to upper slopes.  Grey deep sandy duplex soils with minor areas ofgrey shallow sandy duplex soils
Ca3 Mid to upper slopes with dolerite and granite outcrop common.  Grey deepsandy duplex soils and gritty brown deep sands
Ca4 Lower slopes, footslopes, and drainage lines.  Grey shallow and deepsandy duplex soils
Ca5 Valley flats, stream channels and lower slopes.  Saline wet soils withminor areas of grey deep sandy duplex soils.
Ca6 Valley flats and narrow plains with small dunes. Grey deep and shallowsandy duplex soils with saline wet soils
Ca7 Dunes.  Brown deep sand
Gordon Flats (Gd)
840 ha (0.7% of area)
Broad, poorly drained alluvial plain with low sandy and gravelly rises.
Gd1 Broad alluvial plains.  Grey deep sandy duplex with semi-wet soil andduplex sandy gravel
Gd2 Low sandy rises and dunes.  Grey deep sandy duplex and pale deepsand.
Gd4 Swampy terrain.  Pale deep sand and semi-wet soils are dominant withsaline wet soil.
Gd5 Saline drainage lines and flats.  Saline wet soil and grey deep sandyduplex are dominant.
Gd6 River channels with plains and small dunes.  Grey deep sandy duplex isdominant with saline wet soil and semi wet soil.
Hydenup (Hd)
44 ha (0.04% of area)
Level to gently undulating sandplain with a mosaic of swamps, salt lakes
and low gravelly rises.
Hd1 Gravelly rises above level sandplain.  Duplex sandy gravel, loamy graveland grey deep sandy duplex are predominant.
Mooliup (Mp)
547 ha (0.5% of area)
Undulating low rises and swampy plains overlain by areas of l inear dunes
which have blown from the bed of the Gordon River
Mp3 Linear dunes and sand sheets.  Pale deep sand is widespread with greydeep sandy duplex.
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North Stirlings  (Nt)
19 ha (0.02% of area)
Level to gently undulating broad plain which forms an internally drained
basin.
Nt2 Lower slopes above basin floor.  Grey deep sandy duplex and alkalinegrey shallow sandy duplex soils are common
Nyabing  (Ny)
2.4 ha (0.002% of area)
Gently undulating to undulating rises
Ny2 Lower to upper slopes and crests, including minor drainage lines.  Alkalinegrey shallow sandy and loamy duplex are dominant
Tieline  (Tn)
677 ha (0.5% of area)
Level to gently undulating plains and gently undulating rises with valley
flats and alluvial plains
Tn2 Lower to upper slopes, crests and summit surfaces.  Grey shallow sandyduplex and grey deep sandy duplex are common.
Upper Pallinup (Up)
68,022 ha (56% of area)
Gently undulating and less commonly, undulating rises.  Dolerite and
gabbro dykes feature prominently.
Up1 Hillcrests and upper slopes.  Duplex sandy gravel is dominant with greydeep sandy duplex.
Up2 Lower to upper slopes.  Grey deep sandy duplex is dominant with grey
shallow loamy duplex.
Up3 Mid and upper slopes and hillcrests, featuring rock outcrops.  Red deepsandy duplex and grey deep sandy duplex common.
Up4 Footslopes and lower slopes.  Alkaline grey shallow sandy duplex is
dominant with grey deep sandy duplex.
Up5 Narrow valley flats.  Saline wet soil is dominant with minor areas ofalkaline grey shallow sandy duplex.
Up6 Valley flats and narrow plains.  Alkaline grey shallow sandy duplex and
saline wet soils are common.
2.3.1 Soil groups
The Western Australian Soil Groups (Schoknecht et al. 1997) were developed to
assist with the communication of information collected through the land resource
mapping programs, especially in areas where detailed soil information is limited or
incomplete.  Soil Groups provide a simple, standardised way of recognising and
describing the most common soils in Western Australia.
The main Western Australian Soil Groups described in the South Broomehill-
Gnowangerup area are shown in Table 2.3.2.
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Table 2.3.2. Major soil groups in order of abundance within the catchment
Soil Group Total area (ha) Percentage of
catchment
Grey deep sandy duplex 38,781 36
Grey shallow sandy duplex 11,446 11
Alkaline grey shallow sandy duplex 9,801 9
Alkaline red shallow loamy duplex 7,320 7
Red deep sandy duplex 7,296 7
Alkaline grey shallow loamy duplex 5,661 5
Saline wet soil 4,554 4
Red shallow sandy duplex 4,504 4
Duplex sandy gravel 3,992 4
Bare rock 3,917 4
Brown deep sand 3,902 4
Grey shallow loamy duplex 3,774 4
Red shallow loamy duplex 2,784 3
107,732 100
2.3.2 Land management units
Land management units are defined as “parcels of land, with common soils and
landforms, which should be managed similarly in order to maximise their production
and minimise land degradation” (Lloyd 1992).  The details provided in the Table 2.3.3
are to help land managers to understand the abilities of each different land
management unit that occurs on their farm.
Each land management unit details the general landscape position of each area.  It
describes the most common soil type and the native vegetation commonly associated
with those soils.  Information about the soils characteristics is given, and
considerations of the possible problems associated with managing or developing the
land.  (See Section 4.1 in this report for best management options for each land
management unit.)
Each land management unit also exhibits varying degrees of susceptibility to different
forms of land degradation.  Risks are outlined for each land management unit in
Table 3.6.1.
A cross sectional stylised diagram of the South Broomehill-Gnowangerup area has
also been created, showing the typical positions within the landscape that each land
management unit will be situated (Figure 4.1.1).
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Table 2.3.3.  Land management units in the South Broomehill-Gnowangerup
area
Land management unit Approx.
area (ha)
Landscape position and dominant soil
Sandy duplex soils
(Moderately drained) 38,848
Well drained sand or sandy loam over clay at 10-80 cm.
Upper and lower slopes.
Red soils and dykes 24,673
Reddish brown sandy loam over clay at 10-20 cm; red or
reddish brown clay loam over red clay at <10 cm or grading
to red clay at depth.  Upper and lower slopes often
associated with dolerite dykes.
Poorly drained sandy
duplex 21,248
Sand or sandy loam over clay at 10-60 cm; clay may be
blue grey in colour or very mottled; very wet in winter
months; Lower slopes and valley floors.
Grey to greyish brown
loams and clays 9,435
Hardsetting grey clay loam and clay; grey/greyish brown
loamy surface layers over clay at <30 cm, or clay at
surface.  Mid to lower slopes and valley floors.
Gravels 7,934
Ironstone gravel >60% overlying clay or hard ironstone at
varying depths.  Generally seen on hil lcrests and slopes
Hillcrests and upper slopes.
Salt-affected land 4,554 A range of soils is affected by salt. Generally seen on valleyfloors and seeps on hillslopes.
Yellow and brown deep
sand
3,988 Yellow or brown sand deeper than 80 cm. Generally seen
on mid to lower slopes and valley floors, and as dunes.
Rock outcrops 3,917 Outcrops of granite, dolerite and hard ironstone
Pale deep sand 3,263
Pale grey or white sands deeper than 80 cm.  Gravel
(<20%) may be present through profile.  Upper and lower
slopes and valley floors.
Mallet hil ls 2,166 Pink or reddish water repellent soils, maybe gravelly, oftenacid.  Isolated hil lcrests and breakaways.
Swampy areas 176 Swampy plains and other areas experiencing major
waterlogging problems. Wet soil and semi-wet soil.
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2.4 Hydrogeology
Lisa Crossing, Hydrologist, Albany
2.4.1 Aquifers
Aquifers in the South Broomehill-Gnowangerup area have local scale flow systems.
This means that the top and bottom of the flow systems are no more than a few
kilometres apart.  In local flow systems, the hydraulic head surfaces conform to local
topography, and recharge areas are close to and upslope of discharge sites.  Every
hillside has a local scale aquifer and their boundaries coincide with the ridge tops.
 Depth to bedrock is <20 m so aquifers are generally quite thin and shallow.  Bores in
the area show bedrock depths from 2 to 9 m but are all located low in the landscape.
Most of the profile would be low yielding due to clays (often kaolinitic white clays) but
a thin layer of coarser material usually exists just above bedrock.
In areas with a local scale flow system salinity and rising groundwater are on-site
issues.  Therefore, management practices outside the influence of their aquifer will
have little or no effect on their extent of salinity.  However, the management of land
will affect others downstream.  Salinity in these areas is in two forms: creeklines and
hillside seeps.  Well-defined and narrow creeklines will become salt-affected because
they become discharge sites as well as the carriers of saline baseflow.  Hillside
seeps occur in the lower parts of the dissected landforms where bedrock highs or
dolerite dykes obstruct the saline groundwater and bring it close to the surface
causing seeps to develop.
2.4.2  Groundwater
Due to the shallow bedrock, groundwater is close to the surface and prior to clearing
it is likely there would have been no aquifer or saturated zone on the upper slopes.
Now there is a seasonally fluctuating watertable that is very close to the surface in
low-lying areas and where there is particularly shallow bedrock obstructing flow on
the hillsides.  Bores have salinities ranging from 450 milliSiemens per metre (mS/m)
probably in a shallow perched system, to 4800 mS/m, which is highly saline.  The
high salt contents have accumulated over the years in the heavy clays of the
weathered granitic material and been mobilised by rising water levels since clearing.
2.5 Waterways – the Pallinup river catchment
Kirsty Alexander, Water and Rivers Commission, Albany
2.5.1 Overall condition
The Pallinup River and other waterways show signs of degradation similar to other
rivers in Western Australia.  In particular, the riparian vegetation is degrading
because of stock access, salinity, waterlogging and weed invasion.  Catchment
changes including rising groundwater levels, increasing salinity and nutrient levels
draining from the catchment are impacting on the health of the waterways in the sub-
catchments and ultimately the Pallinup River and Beaufort Inlet.  Weeds are
proliferating along the Pallinup River and the river is coping with increased volumes
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of water coming off cleared catchments, resulting in unstable banks and subsequent
erosion and sedimentation of river pools.  There have been two major flood events
recorded on the Pallinup River including the 1955 and 1982 flood.  Both floods
caused considerable damage to the riparian vegetation along the river, and resulted
in considerable bank damage and subsequent sedimentation of many river pools.
The Water and Rivers Commission conducted a survey of the Pallinup River from
Beaufort Inlet to south of Gnowangerup and the Pendernup Creek as part of the
Pallinup River Action Plan in 2000/2001 (W&RC, unpublished).  The survey recorded
foreshore vegetation condition, habitat values, pool locations and condition, channel
stability and sedimentation.  The Action Plan also collected information pertaining to
the river and estuary including water quality, native fish, macro-invertebrates, and
historical information.
Stream sections that could be considered outstanding are the upper reaches of the
Monjebup, Corackerup, Peenebup and Pendernup Creeks, and sections of the
Pallinup River from Borden to the Beaufort Inlet. The highest quality streams are
those that begin in the Stirling Range National Park.  The Corackerup Creek and
Peenebup Creek are extremely important to protect in the long term as they link the
Stirling Range National Park to the Fitzgerald River National Park.
The Water and Rivers Commission recorded sections of the lower Pallinup River in
excellent condition (Table 2.5.1).  In particular, the river south of Chesterpass Road
was rated as A and B grade condition.  Many sections of the river north of the
Chesterpass Road are rated as C grade.  Here the banks were actively eroding and
the understorey was damaged by stock and weed invasion.
Water quantity
There are three gauging stations on the Pallinup River.  One is located just upstream
of the Corackerup Creek and two on the Jackitup Creek, which is a minor tributary of
the upper Pallinup.  The Pallinup River is naturally salty, varying from about 10% of
seawater to about 150% seawater over summer in stagnant pools.  The Pallinup
River is thought to be considerably more saline today than in the past and its salinity
is rising steadily each year.
Flow records from the Pallinup River between 1973 and 1982 recorded the average
flow of 17.6 x 106 m3.  Average annual flows can be misleading because of the great
range of annual flow (56.4 x 106 m3 in 1978 and 4.3 m3 x 106 in 1980).  In many
cases storm events distort the average.  The January 1982 flood accounted for 90%
of the year’s flow of 53.2 x 106 m3 (Hodgkin and Clarke 1988).
Figure 2.5.1 illustrates flow rates from 1974 to 1995 measured by the yearly river
discharge in gigalitres (GL), for the Pallinup. These figures come from the Bull
Crossing stream-gauging site, near the junction of the Corackerup Creek.  As a rough
guide, one GL is equivalent to the capacity of about 500 Olympic swimming pools.
More detailed investigations of the record suggest that run-off from the Pallinup
catchment happens more readily than for some of the other South Coast rivers such
as the Kalgan.
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Table 2.5.1. Condition of waterways in the Pallinup River catchment
Waterway
component * Rating Comment
Hydrology and water
quality 4
Water quality indicates high nutrient levels, increased salinity
levels and an increase in flow from a clearly catchment.
Evidence of eutrophication in Beaufort Inlet.
Foreshore vegetation 4
Good condition in the lower, poor in the upper.  Excellent
along Corackerup, Pendernup, Peenebup and tributaries
draining off the Stirling Ranges.
Aquatic v egetation 3
Many pools in the lower section have various aquatic plants.
There are some pools with increased algae and epiphyte
growth – indicating high levels of nutrients.
Aquatic habitat 3
Good habitat, many pools, riffle zones and overhanging
vegetation. Stock access and salinity are compromising
some of these values.
Bank stability 4
The river shows signs of instability from increased catchment
flows.  Considerable damage done in 1955 and 1982 flood
events.
Channel features and
modifications 2
Few modifications except some farm dams on tributaries.
Most of these have gone saline since.
Other pollutants Unknown Not monitored.  There are community concerns aboutpesticides.
Cultural, historic and
cultural values 3
The Pallinup River is important for Indigenous Australians.
Lower Pallinup has high recreational use, commercial and
recreational fishing, and popular camping ground.
Conserv ation values 2
High conservation values.  Extremely rich botanical area
surrounding Beaufort Inlet.  Pallinup River and some of the
tributaries form important vegetative corridors in the South
Coast Region.
Key to ratings
1. Pristine condition/no impacts
2. Excellent condition; minimal evidence of changes to condition
3. Good condition; some evidence of minor changes
4. Poor condition; significantly impacting on the health of the waterways
5. Very poor; affecting the health of the waterway
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Figure 2.5.1. Flow rates for the Pallinup River from 1974 to 1995
Water and Rivers Commission conducted more intensive sampling in the catchment
from 1998 to 2000.  Figure 2.5.2 shows the location of various monitoring sites and a
picture of the character of the Pallinup River.
Temperature
Water temperature shows the strong seasonal variation with high temperatures
recorded during the summer and cooler temperatures in winter, ranging from 10 to
30oC (Figure 2.5.3).  In ‘warm’ rivers such as the Pallinup, shading by fringing
vegetation is an important environmental factor for waterway health.
Salinity
The salinity levels for all sites monitored during 1998–2000 show seasonal
differences (Figure 2.5.3) but these are less distinct than other South Coast rivers.
High salinity values were found in pools in summer when evaporation concentrated
the salts and flow had stopped or was only a trickle.  Salinity values overall remained
fairly constant throughout the monitoring period.  During storm flows the salinity
levels can decrease dramatically as the fresher run-off enters the stream.
Yearly Discharge for the Pallinup River
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The middle 50% of readings lie in the range
shown by the darker band.
Figure 2.5.2. Location of stream monitoring sites throughout the Pallinup catchment
Figure 2.5.3. Monthly changes in temperature at monitoring sites
Wellstead
Ongerup
Borden
Gnowangerup
South Coast Highway
Peenebup CreekSix Mile Creek
Beaufort Inlet
Corackerup
Creek
Main channel sites
Main tributary sites
Stream Gauging station
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Figure 2.5.4. Monthly changes in salinity at monitoring sites
Nutrients
 Figures 2.5.5 and 2.5.6 illustrate the average monthly levels of nitrogen and
phosphorus.  The samples were taken during low and high flow conditions.  The
higher summer values occur in stagnant pools and levels are much lower during the
winter and spring.  Both the total nitrogen and the total phosphorus levels were
higher than the suggested upper limits for healthy Australian streams of 1 mg/L and
0.1 mg/L respectively.
Figure 2.5.5.  Monthly changes in total nitrogen levels at monitoring sites
The middle 80% of readings lie in the range shown
by the darker band.
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Figure 2.5.6. Monthly changes in total phosphorus levels at monitoring sites
Dissolved oxygen (DO) levels were generally acceptable with 38% of measurements
between 7.5 and 10 mg/L.  Low values that could be of concern for aquatic life
occurred for about 5% of the readings.  High values are often associated with algal
growth although some of the microscopic organisms can quickly reduce DO levels in
the water.  Low DO accounts for many of the fish deaths that have occurred in the
Beaufort Inlet.  Water pH values were consistently alkaline, between 7 and 9.
2.6  Native vegetation
Bruce Radys, Revegetation Officer, Albany
Vegetation communities are varied and usually reflect soil type and landscape
position.  Names usually refer to the dominant species and their structure (or shape).
The natural vegetation is described for the whole catchment, though much of the
original vegetation has been cleared.  Remnant bush and pre-clearing anecdotes
give an indication of the original vegetation for each soil/landscape type or LMU.
The South Broomehill-Gnowangerup study area crosses several botanical districts.
Within each region the communities are described as different vegetation systems:
Avon Botanical District
• Tambellup vegetation system (wandoo and yate) – north-east of Tambellup
• Broomehill vegetation system (blue mallet, wandoo, brown mallet and yate) -
Peringillup area
Roe Botanical District
• Pallinup vegetation system (mallee, moort, yate and some salmon gum)
Darling Botanical District
• Beaufort vegetation system (wandoo, marri and yate woodlands) towards the
western end of study area.
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3. Resource condition and future risk
3.1 Salinity and groundwater
Lisa Crossing, Hydrologist, Albany
Effective management of salinity requires an understanding of the processes that are
causing the problem to occur in certain parts of the landscape.  This is a brief
introduction to the key concepts and terms used in hydrology.
3.1.1 The hydrological cycle and catchment water balance
Water is continually being cycled through our environment at catchment and even
global scales.  Soils, geology, climate, landforms and vegetation all play a role in this
cycle so a change in any one of these factors will inevitably affect the hydrology.
The concept of a catchment water balance is a simple accounting exercise:
What comes in (rainfall) must be balanced by what goes out (run-off,
evapotranspiration, groundwater flow and discharge) and any change in storage (soil
water, surface water and groundwater).
P = R + G + (E+T) + ∆S + U + ∆D
Rainfall
in =
surface
run-off +
groundwater
discharge +
evaporation
transpirati on
(soil & plant)
+
change
in
soil
water
storage
+ Groundwater recharge +
change i n
surface
storage
Prior to clearing, the catchment water equation (above) was in balance, with rainfall
inputs roughly equalling outputs.  The change from native vegetation to agricultural
crops and pastures has dramatically decreased evapotranspiration and upset the
balance.  Consequently, recharge (measured as the component of rainfall that drains
below the root zone of vegetation) has increased, causing rising groundwater levels.
In areas with <500 mm rainfall there is 1 mm or less recharge under native
vegetation, but 10-50 mm in agricultural areas with similar rainfall (Tille et al. 2001).
When the groundwater nears the surface, naturally occurring salts in the water are
concentrated and deposited as capillary action moves water to the surface.  This
increase in soil salinity affects plant growth.
In medium to low rainfall areas it is reasonable to assume that groundwater flow (G)
and the seasonal changes in surface (∆D) and soil water storage (∆S) are negligible;
Therefore, the water balance can be simplified to:
P = (E+T) + U + R
Rainfall
in =
evaporation
transpirati on
(soil & plant)
+
groundwater
recharge +
surface
run-off
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By measuring or estimating the values for run-off, evapotranspiration and rainfall, the
water balance can be used to estimate the amount of water that is recharging to the
groundwater.  Using the groundwater calculator AgET (refer to Section 4.2), recharge
under current land use was estimated to be 51 mm or 12.5% of rainfall in the
Gnowangerup catchment.
In catchments where there is very little run-off or groundwater drainage out of the
system (stagnant, internally draining areas), the evapotranspiration prior to
agricultural development would have almost equalled rainfall.  These systems are
therefore more sensitive to changes in evapotranspiration and it is more difficult to
halt or reverse rising groundwater levels as there is no natural drainage to help
prevent the catchment ‘filling up’ with water.
Salts in our landscapes
The salt responsible for salinity in Western Australia originated from the ocean.  Wind
and rain pick up small amounts of salt from the ocean and carry it inland where it has
been deposited on soils for tens of thousands of years.  Salt accumulation depends
on location, rainfall, regolith (the sediments or weathered material that occur between
the soil and the bedrock) and soil type but range from 100s to 10,000s tonnes/ha in
the Great Southern.  In Cranbrook, a salt storage of 2,729 t/ha was measured in a
deep (26 m), heavy silty clay profile and only 171 t/ha in a shallow coarse sandy
profile (Ferdowsian and Ryder 1997).  Airborne salts continue to be deposited at a
rate of around 23 kg/ha/yr on the northern half of the Gnowangerup area (calculated
at 400 mm rainfall, 120 km from the coast using a chloride concentration in rainfall of
3.5 mg/L; Hingston and Gailitis 1976).
Where does recharge occur?
Although recharge occurs over most of the landscape, the rate of recharge varies
significantly depending on slope of land surface, waterlogging, soil type, land use etc.
This means that zones of higher recharge may be targeted for high water use
management options but changing land use in these areas alone is not sufficient to
address the rising groundwater levels in the whole catchment.  Recharge can occur
in an area during winter and become a discharge site in summer (e.g. valley floor).
Where does salinity occur?
Although water balance indicates why salinity may occur, the rate of spread, area
and position are controlled by a wide range of factors.  Salinity occurs wherever the
groundwater reaches within approximately 1 to 2 m of the soil surface and salts can
be concentrated by evaporation.  Therefore, topography is very significant, with valley
floors, depressions, lakes, creeks and other areas of low relief being most affected.
A much smaller proportion of salinisation can occur in other parts of the landscape
where groundwater has been forced to the surface.
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Groundwater flows
The storage and movement of groundwater through the landscape is complex.
Groundwater moves through the gaps or pores in the soil and regolith.  The ability of
groundwater to move in the landscape is controlled by:
• The ability of the regolith to transmit water; referred to as hydraulic conductivity
• Hydraulic or groundwater gradient or pressure to drive the water flow
• Regolith and aquifer thickness controls the area of flow and any constriction of
this area such as a granitic high, will reduce the overall volume of flow.
Wherever one of these factors is reduced, it slows the water flow and results in a
build-up of groundwater at the restriction, which forces the watertable to rise.
Figure 3.1.1.  Factors that affect the process of land salinisation
3.1.2 Current salinity
Land Monitor used satellite imagery on six different dates: August 1989, September
1990, September 1993, August 1994, October 1995 and September 1998; to show
areas that showed consistently low productivity.  The catchment was processed as
part of the Mt Barker and the Dumbleyung scenes.  The salinity picked up in either and
both of these scenes is included in figures below and the maps in Appendix 2.
Table 3.1.1.  Total area identified as saline by Land Monitor within the
Gnowangerup, Peringillup and Upper Pallinup catchments
Total area (ha) Saline area (ha) Percentage salt-affected
120,783 5,349 4.4%
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“Areas mapped as salt-affected represent areas greater than about one hectare.
Salt-affected areas smaller than this and narrow salt-affected streams cannot be
mapped reliably.  The precise definition of salt-affected is dependent in part on the
qualitative assessment of the ground-truthing personnel and in part on the limitations
of the productivity changes that can be reliably measured by the Landsat TM
instrument”  (Evans 2001).
In general, areas with either salt-tolerant pastures or other vegetation cannot be
picked up as saline in the satellite image, resulting in significant underestimation of
salinity extent.
Accuracy of the maps was assessed by Land Monitor using data provided by
Department of Agriculture hydrologists that was independent of the processing
sequence.  Below are Land Monitor’s accuracy figures although it is believed the
accuracy could be even lower than stated due to the observed underestimation of
salinity sites well known to the Department of Agriculture.
Table 3.1.2.  Accuracy assessment of salinity maps (adapted from Evans 2001a
and b)
Catchment / study area Salt-affected landdetected
Non-saline land labelled as
salt-affected
Ryan's Brook 72% 1%
Kent 82% 9%
South Stirlings 68% 5%
South Coast 71% 7%
For more information on the products, methods and accuracies go to the
Landmonitor website at: http://www.landmonitor.wa.gov.au
3.1.3 Groundwater trends
Underlying trends in groundwater vary depending on the position in the landscape.
Much of the Gnowangerup catchment is formed on shallow basement with local flow
systems. A typical cross-section along a flow line for the Gnowangerup catchment is
shown in Figure 3.1.2.  This traverses an undulating rise down to a V-shaped gently
inclined valley.
Hydrographs are graphs showing the water level in a piezometer or monitoring bore
over time.  HARTT (Hydrograph Analysis using Rainfall and Time Trends) is a
method that identifies the effect of above or below average rainfall during the period
of monitoring.  This effect can then be removed and the underlying groundwater
trend that would occur in an average rainfall year can be determined.
All the hydrographs in the Gnowangerup catchment were analysed with HARTT.
Some typical examples of hydrographs in the region are shown with respect to their
position in the landscape (see Figure 3.1.2). Two of the hydrographs (No. 2 and 3)
are from this catchment and the third (No. 1) is from just out of the catchment in a
similar landscape. In this area there are limited bores on the upper slopes and rises.
The groundwater hydrographs in these areas have not had enough monitoring to
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determine the long-term trend but in similar landscapes groundwater levels are rising
by 10 to 15 cm per year.
No. 1: In the mid-slope where groundwater can be greater than 3 m deep, the levels
are rising (in this example 5 cm per year).  Delay or lag before the maximum effect of
a rainfall event maybe as much as five months (from HARTT results).  Hydrographs
in this region have been monitored for only a short period (three years).  This limits
the accuracy of the underlying trend.  Groundwater levels in similar landscapes with
longer monitoring periods show higher rates of rise.
No. 2: Further down the slope where groundwater can reach within 2 m of the
surface, there is more seasonal variation in water levels.  Groundwater levels react to
rainfall events and evaporation within a month and there is little or no long-term trend.
Again, this may be due to the short monitoring period.
No. 3: In the incised valleys groundwater levels can be within1 m of the soil surface.
In these cases there is a strong effect from evaporation.  This gives greater seasonal
variation in the hydrograph and no underlying trends.  Groundwater levels are
controlled by evaporation and react as a full cup; simply filling up after rainfall events
in winter, and then slowly dropping through evaporation in drier periods.
3.1.4 Potential salinity risk (Flowtube and Land Monitor)
Flowtube is a two-dimensional groundwater calculator developed by the Department
of Agriculture in collaboration with CSIRO Land and Water, and the University of
Melbourne.  It is designed to predict long-term groundwater trends along a
groundwater flow path and examine the effects of recharge and discharge
management options.  Flowtube can estimate both long-term trends in groundwater
levels, and length of the Flowtube at risk of experiencing shallow watertables in any
given number of years.
Warning!
The graphs illustrate the likely trends in groundwater levels and have been calibrated
with actual bore measurements.  However, as with all models, results should be
treated with caution, as many simplifications, assumptions and estimates are
included in the calculations.
Surface topography was taken from 2 m contours of the area generated by DOLA
(refer to the maps presented in Appendix 1) while depth to bedrock and the initial
groundwater levels are based on bores in the catchment.
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Figure 3.1.2.  Typical groundwater hydrographs for monitoring bores in Gnowangerup catchment in relation to landscape position
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Figure 3.1.3.  Expected groundwater rise over 50 years in a flowpath typical of the
Gnowangerup catchment (calculated using Flowtube).
The main areas at risk of becoming saline are low in the landscape such as
creeklines, swamps and flats.  Hillside seeps can occur where there is shallow
bedrock or other geological obstructions to flow.  These areas then become
groundwater discharge (saline) areas, which help to control the rate of rise in the rest
of the catchment.  It is not known how far the watertable will rise before equilibrium is
reached where extra recharge is matched by increased discharge to streams and
evaporation.  Equilibrium is reached much faster in higher rainfall areas.
In the scenario above, the flowpath reaches equilibrium in 65 years with 87% of
Flowtube affected by shallow watertables.  However, the cross-section follows a
groundwater flow path, which mirrors surface flows and these areas by definition are
lower than the surrounding land. The map in Appendix 1.2 shows ‘low lying areas at
risk of shallow watertables’ and illustrates this potential spread of salinity up the
valleys if groundwater levels rise 0.5 to 2 m from the valley floor (which would only
occur when there was much greater rises higher in the catchment).
3.1.5 Low-lying areas at risk of shallow watertables
Appendix 1.4 (inside cover of this report) was generated using the detailed
topography data (Digital Elevation Model) from Land Monitor.  It does not include
areas where the watertable is brought close to the surface by geological features,
such as hillside seeps.
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It shows the low-lying areas that were identified by Land Monitor within the
Gnowangerup, Peringillup and Upper Pallinup catchments.  The areas and
percentage of the landscape in each category is shown in Table 3.1.3.
Table 3.1.3.  Low-lying areas within the Gnowangerup, Peringillup and Upper
Pallinup catchments
Height abov e flow path
(valley floor) Area (ha) Percentage
0 to 0.5 m 7,764 6.4
0.5 to 1 m 4,071 3.4
1 to 1.5 m 3,645 3.0
1.5 to 2 m 3,715 3.1
>2 m 101,587 84.1
Whole catchment 120,783 100
3.2 Flooding
Timothy Overheu, Research Officer, Albany
Comprehensive information associated with flooding data for the South Broomehill-
Gnowangerup area can be sourced from the Water and Rivers Commission
Information Centre or online search using the following internet web page link.
http://www.wrc.wa.gov.au/waterinf/wrdata/FLOW/602001/602001.htm
http://www.wrc.wa.gov.au/waterinf/wrdata/FLOW/602003/602003.htm
http://www.wrc.wa.gov.au/waterinf/wrdata/FLOW/605013/605013.htm
http://www.wrc.wa.gov.au/waterinf/wrdata/FLOW/609028/609028.htm
The web pages provide a link to historical data sets for various gauging stations
(some no longer in operation) across the South Western agricultural area of Western
Australia. The page also provides an explanation on how to interpret the data.
3.3 Biodiversity assets
Bruce Radys, Revegetation Officer, Albany
The Stirling Range National Park is directly south of the study area and of regional
and national significance. There are a significant number of nature reserves.
The remnant vegetation facing the greatest impact from salinity in the study area is in
the catchment of the Pallinup River.  The decline of remnant yate (Eucalyptus
occidentalis) woodlands is most prominent along drainage lines, seeps and valley
floors.  Lerp defoliation is also a significant contributor to the decline of remnant
yates.  Location of remnant vegetation in relation to groundwater levels indicates the
amount of remnant vegetation at potential risk because of salinity (Table 3.3.1).
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Table 3.3.1. Remnant vegetation at risk due to rising shallow watertables
Height abov e flow path
(valley floor)
Area of remnant v egetation
(ha)
Percentage of total area of
remnant vegetation
0 to 0.5 m 1,612 14.6
0.5 to 1.0 m 713 6.47
1 to 1.5 m 547 4.97
1.5 to 2 m 492 4.47
>2 m 7,657 69.46
Total area remnant (ha) 11,024
The study area is highly cleared, with little vegetation left after clearing.  A significant
amount of this vegetation occurs in creeklines, swamps and on low-lying flats.  These
communities (e.g. yate woodlands) are at high risk of rising shallow groundwater.
Fifteen per cent of the remnant vegetation is less than 50 cm above valley floors and
over 20 per cent is less than one metre.  If shallow or perched groundwater tables
continue to rise, these trees will most likely die. It is possible that many are already
suffering the consequences of seasonal water table fluctuations.
Over 70 per cent of remnant vegetation is greater than 2 m above valley floors.  This
includes bush on ironstone ridges and breakaways, (e.g. communities like wandoo
and morrell, mallets and some mallees).  These vegetation communities are at low
risk from the impact of rising watertables and salinity.
Table 3.1.2.  Land tenure types, reserve locations and presence of rare flora in
the Gnowangerup and Peringillup catchments
Land tenure type Example of locations Area (ha) Percentage of totalvegetation
Closed road 20 0.18
Other reserve
Gnowangerup
Broomehill
Tambellup
Peringil lup
719 6.54
Railway Railway reserve 28 0.25
Road 0.55 0.01
Vacant crown land Gordon RiverPallinup River 275 2.50
Water feature 14 0.13
Assumed freehold
land
Bush on farms,
creeklines, ridges,
breakaways
9,934 90.38
Total area (ha) 10,990
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3.4  Infrastructure assets: roads and railway lines
Timothy Overheu, Research Officer, Albany
The Gnowangerup-South Broomehill study area has almost 524 km of gazetted
roads, the majority of which are unsealed gravel roads or tracks. A summary of the
roads in the study area is given in Table 3.4.1.
Table 3.4.1.  Roads in the South Broomehill-Gnowangerup study area
Sealed roads Unsealed roads Total roads
Length (km) 162.03 362.12 524.15
Using Land Monitor height above valley floor data it is possible to determine the
roads t at risk of shallow watertables. This information is summarised in Table 3.5.2.
Table 3.4.2.  Length of roads at risk from inundation by rising shallow
watertables in South Broomehill-Gnowangerup study area
Sealed roads Unsealed roadsHeight abov e flow
path (valley floor) (km) (%) (km) (%)
<0.5 m 8.73 1.67 17.23 3.29
0.5 to 1 m 4.54 0.87 10.01 1.91
1 to 1.5 m 3.86 0.74 10.63 2.03
1.5 to 2 m 4.16 0.79 10.51 2.01
>2 m 140.79 26.86 313.75 59.85
A major rail link also crosses the study area.  Table 3.4.3 indicates the length of
railway line at risk of inundation or loss from (rising) shallow watertables.
Table 3.4.3.  Length of railway line at risk from inundation by rising shallow
watertables in South Broomehill-Gnowangerup study area
Railway line at risk
Rise in watertables (km) (%)
<0.5 m 5.20 14.01
0.5 to 1 m 1.37 3.69
1 to 1.5 m 1.55 4.17
1.5 to 2 m 1.42 3.83
>2 m 27.57 74.29
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3.5 Natural resource management risks, other than salinity
Angela Stuart-Street, Soil Resource Officer, Katanning
Land management unit Approx area(ha) Salinity risk
Waterlogging
/inundation risk
Susceptibility to
water erosion
Susceptibility to
wind erosion
Susceptibility to
subsurface (10-20
cm) acidification
Susceptibility to
water repellence
Susceptibility to
topsoil structure
decline
Susceptibility to
subsurface
compaction
(10-30 cm)
Sandy duplex 38,848
Low to
moderate
risk*
Low Moderate Moderate tohigh ** High Moderate Low Moderate
Red to red brown soils
and dykes 24,673 Low* Low Moderate Low Low Low Moderate Low
Poorly drained sandy
duplex 21,248 High
Moderate to high for
lower slopes Moderate Low High Moderate Low Moderate
Grey to greyish brown
loams and clays 9,435 Low
Moderate to high on
valley flats
Moderate (on
slopes) Generally low Low Low Moderate to high
Low to
moderate
Gravels 7,934 No risk Nil Moderate Low Moderate Moderate Low Low
Salt-affected land 4,554 Presentlysaline Very high High Low Variable *** Low Not rated Not rated
Yellow and brown deep
sand 3,988 No risk No risk Low No risk Variable Low Low Low
Rock outcrops 3,917 Variable Nil Low Low Low Low Low Not rated
Pale deep sand 3,263 No risk Nil Moderate High High High Low Low tomoderate
Mallet hills 2,166 No risk**** Nil High Low Presently acid**** High Low Low
Swamps High Not rated Low Low tomoderate Moderate to high Not rated Low Low
* Salinity likely to develop as hil lside seeps on the units where shallow bedrock forces saline groundwater close to the surface
** Highly susceptible to wind erosion on crests and upper slopes
*** Soil pH on saline soils is highly variable but they are not likely to be economic to lime
**** Many Mallet Hil ls have acid clay subsoils that are often saline
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4. Management options and impacts
4.1 Options for land management units
Following is a series of ‘best option’ tables compiled by several members of the
catchment appraisal team. These tables are based on the dominant Soil Groups
within each land management unit (Section 2.3.3). The tables make recognition of
degradation and management issues associated with the each land management
unit in the South Broomehill-Gnowangerup study area and suggest various ‘best
practice’ management options for consideration.
It should be noted that these options have been suggested on the basis of minimizing
recharge and land degradation over the South Broomehill-Gnowangerup study area
as effectively as possible.  The information can be used as a guide; however, users
are strongly encouraged to regularly seek further (current) information through
relevant people and organisations.
How to use the best option tab les
The best option tables are divided into three columns of description, risk and
management information.
 The land management unit
Presented in the first column, is a representative land management unit description
and soil profile diagram identifying the common / or dominant Soil Group within the
land management unit.  The brief description highlights some of the major soil
properties such as soil layer depth, texture, and drainage. The description may also
include the landscape position, occurrence and proportion of gravel and presence of
salt.
Water and soil properties
Presented in the second column is a brief description of the water and soil properties
associated with potential problems likely to occur within each land management unit.
The information presents an assumed level of risk.
Each dot point comment demonstrates where the greatest management risk or
challenge lies for each land management unit.  The problems may not be obvious
currently, but the assumed level of risk for each problem to develop in the future is
very real and is stated in this section.  The comments should act as a reminder to
address each possible risk in an environmentally responsible and economically
sustainable way to increase catchment and farm health as well as reduce
groundwater recharge.
Management options
To assist in over-coming existing problems and prevention of possible future
landscape degradation problems, recommended management options are included
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for each land management unit in the third column.  These options deal directly with
the potential and existing problems described in the second column of each best
option table.  As stated previously, these broad management options and
recommendations are aimed at landholders, rural community groups, regional
planners, and others involved in the provision of technical advice to land users. The
information will assist in the value judgments leading to the development of
environmentally responsible and sustainable agricultural systems for rural production
within the South Broomehill-Gnowangerup study area.
The management choices are listed under the sub-headings of ‘soil management,
surface water control, cropping and pasture options, recharge reduction and
revegetation options’.  However, to address all of the management options for each
land management unit would be a large task and in many circumstances unfeasible.
Therefore, the recommendation would be to spread the management tasks over a
suitable number of years (as presented Section 4.3).  The ongoing development of a
farm business plan and management action plan will assist in targeting the
opportunities to achieve the management recommendations presented in this report.
Even though comprehensive information is presented throughout the various
sections of this report, land managers are encouraged to regularly seek further
information from the Department of Agriculture or other reliable sources.
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Figure 4.1.1. Schematic cross-section of land management units in the South Broomehill-Gnowangerup study area
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Identifying land management units and management options
Land Management Unit Water and Soil Problems Management Options
Sandy duplex soils
 (moderately drained)
(38,848 ha)
Pale grey sand or sandy loam over
clay at 10–80 cm, seasonally perched
watertable common.  Occurs mainly
on mid to upper slopes as well as
some areas of the sandplain and
basin floor.
• Generally a moderate groundwater
recharge risk; this may increase to
a high risk in winter months,
associated with perched
watertables.
• High risk of wind erosion on
exposed crests and upper slopes,
otherwise the risk is moderate.
• Highly susceptible to subsoil
acidification.
• Water erosion is a high risk on
exposed upper slopes.
• Traffic and plough pans can be a
risk.
• Sandy topsoils may display water
repellence, low soil water storage
and poor nutrient availability.
• Low to moderate risk of soil
structure decline (surface crusting
and hardsetting soils).
Soil management
• Minimum tillage and no-till operations will aid in reducing erosion and compaction
problems in paddocks susceptible to these, improving soil structure and
maintaining levels of soil organic matter.
• Any working up on slopes should be carried out on the contour.  This is generally
economically beneficial and should be standard best practice to improve water
conservation for crops and to minimise erosion.
• Liming may be necessary to achieve crop and pasture production potentials and
assist in the establishment of lucerne; regular monitoring of soil pH levels is
advised.
• Practise stubble retention or aim to maintain >50% ground cover to control risk of
wind and water erosion.
• Clayey subsoils may be sodic – surface sealing and hardsetting problems may
result from clay being brought to the surface by cultivation.
Cropping/pasture options
• Phase cropping with lucerne and cereals
• Annual clovers, veldt grass, casbah biserrula and serradella mix would suit the
sandier areas, which are prone to wind erosion.  In wetter areas balansa clover.
• Crops highly suitable to this soil type where subsoil pH is acid to neutral include
oats, barley and canola.
• Other suitable crops include wheat and lupins (though prefer the deeper sandy
duplexes).
Recharge reduction & surface water control
• Phase cropping with lucerne and cereals will help reduce recharge rates.
• Grade banks are effective in controlling water erosion and waterlogging where
interception of clay is possible.
Revegetation options
• Belts of oil mallees (four or eight rows) below grade banks, separated by
crop/pasture.
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Land Management Unit Water and Soil Problems Management Options
GRAVELS  (7,934 ha)
Ironstone gravel >60% overlying clay
or hard ironstone at varying depths.
Occurs generally on hill crests and
upper slopes.
• High groundwater recharge if
cleared.
• Sandy topsoils are moderately
susceptible to subsurface
acidification, traffic and plough
pans.
• Mild wind and water erosion on
exposed sites where ground cover
is <50%.
• Low soil water storage.
• May be susceptible to water
repellence Generally good rooting
depth.
Soil management
• Liming may be necessary; regular monitoring of pH is advised.
• Maintenance of active growing plants is important to prevent rapid drainage of
soil water to below the root zone, contributing to problems lower in the
landscape.
• Cultivation should be on the contour to reduce erosion risks and improve water
conservation for crops.
• Minimum tillage or no-till  is encouraged to reduce the incidence of traffic and
plough pans, improving soil structure, and maintaining soil organic matter.  It
may be worth examining deep cultivation to overcome compaction problems.
• Practise stubble retention or aim to maintain >50% ground cover to control risk
of wind and water erosion.
Cropping /pasture options
• Canola, barley, oats and lupins.
Recharge reduction & surface water control
• Alley farming/strip planting systems to reduce recharge rates.
• Soil profile and depth to clay need to be checked prior to commencing
earthworks.  Earthworks with grades should be used to move water, prevent
ponding and recharge.
Revegetation options
• Fence off remnant vegetation and allow to regenerate. Revegetate with species
native to the catchment (seedlings).
• Direct seed native species - scalp areas with grader, scraper or Chatfield.
• Farm forestry species in four row belts (max. 30 m wide)- plant an extra row of
hardy shrubs to maintain windbreak value (see mallet hills).
• Oil mallee alleys - unfenced four or eight row belts.
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Land Management Unit Water and Soil Problems Management Options
Red to red-brown soils and dykes
(24,673 ha)
Reddish brown sandy loam over clay
or grading to clay at 10-20 cm (red
loam); red or reddish brown clay loam
over red clay at <10 cm or grading to
red clay at depth.  Seen mainly on
slopes and ridges, and is often
associated with dolerite dykes.
• Low to moderate groundwater
recharge.
• Good water availability in most
years – dry seasons may cause
water stress.
• Fresh or saline hillside seeps may
occur on or near these soils as
they are formed on dolerite dykes.
• Surface cracking may make stock
and vehicle movement difficult.
• Low risk of waterlogging.  Lighter
soils upslope from this LMU may
exhibit waterlogging due to the
heavier red soils acting as a
textural barrier to lateral water
movement.
• Moderately susceptible to water
erosion and decline of topsoil
structure.
• Surface and subsurface soils may
be alkaline and unsuitable for
some crops and pastures, and
may exhibit nutrient toxicity and
deficiencies.
Soil management
• Cropping operations should occur on the contour and minimum tillage or no-till
operations and stubble retention should be considered to aid in improvement of
soil structure.
• Reduction of traffic in paddocks and avoidance of traffic movement when soil is
wet minimises soil compaction.
Cropping /pasture options
• Phase cropping with lucerne.
• Cereals.
Recharge reduction & surface water control
• Lucerne on areas that are not prone to waterlogging or seepage.
• Grade and seepage interceptor banks can reduce erosion and waterlogging.
Care should be taken in placement of banks as striking rock may lead to
increased recharge.
Revegetation options
• Hillside seepage areas may become saline with barley grass appearing. Tall
wheat grass and balansa clover may increase the grazing value.
• Native species - hosts for sandalwood production - direct seed or seedlings.
• Oil mallee alleys – four to eight row belts  (unfenced).
• Fence large areas of remnant vegetation and allow to regenerate.
• Rip into clay layer to assist root penetration of seedlings.
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Land Management Unit Water and Soil Problems Management Options
Poorly drained sandy duplex soils
(21,248 ha)
Sand or sandy loam over clay at 10-
60 cm; clay may be blue/grey in
colour or very mottled; very wet in
winter months.  Generally occurs on
lower slopes and valley floor areas.
• Moderate to high groundwater
recharge - highest where water
ponds.
• High risk of salinity developing
usually along drainage lines, on
ponded areas and on the basin floor.
• Moderate waterlogging risk.
Waterlogging is the major l imitation
in this area – boggy soils in wet
years may hinder trafficability.
• Flooding can occur on the basin
floor
• Highly susceptible to sub-surface
acidification.
• Moderately susceptible to wind and
water erosion, traffic and plough
pans.
• Clay subsoil may present a barrier to
some deep-rooted species.
Soil management
• Liming may be necessary to ensure good establishment of lucerne, and to enable
good growth of pastures.  Regular monitoring of surface (0-10 cm) and subsurface
(10-20 cm) pH is advised.
• Reduction of traffic in paddocks and avoidance of traffic movement when soil is wet
minimises soil compaction risk.
• Minimum tillage and no-till operations will aid in reducing erosion and compaction
problems in paddocks susceptible to these, improving soil structure and maintaining
levels of soil organic matter.
• Practise stubble retention or aim to maintain >50% ground cover to control risk of
wind and water erosion.
• Clayey subsoils may be sodic – surface sealing and hardsetting problems may
result from clay being brought to the surface by cultivation.
Cropping /pasture options
• Highly suitable for oats. Where waterlogging is not a problem, barley and canola.
• Suitable for wheat and lupins (pH acid to neutral), faba beans and field peas where
pH is alkaline and summer crops.
• Pasture options include annual sub. clovers, crimson clover and serradella/casbah
biserrula mixtures. Medics suit alkaline soil.
• In waterlogged, mildly saline areas tall wheat grass and balansa.
Recharge reduction & surface water control
• Lucerne on the deeper soil and on areas with low risk of flooding. Productivity may
not be as good as soils, which are well drained.
• Grade banks are effective in controlling water erosion and waterlogging where
interception of clay is possible. Shallow relief drains (‘W’) can be used to reduce
ponding and promote drainage from valley floors.
Revegetation options
• Revegetation areas will need to be mounded - aligned parallel to banks.
• Belts of oil mallees (four or eight rows) separated by crop pasture areas (machinery
width).
• Eucalyptus botryoides, E. occidentalis (lerps can be problem).
• Fence off remnant vegetation and allow to regenerate.
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Land Management Unit Water and Soil Problems Management Options
Grey to greyish brown loams and
clays
(9,435 ha)
Hardsetting grey clay loam and clay.
Grey to greyish brown loamy surface
layers over clay at <30 cm, or clay at
surface.  These soils mainly occur on
mid to lower slopes and valley floors.
• Moderate groundwater recharge,
highest where water ponds.
• Hardsetting topsoil l imits root
penetration and establishment of
seedlings.
• Salinity may develop on valley
floors and drainage lines with
shallow watertables, or on ponded
areas
• Soil can be worked only over a
narrow moisture range as it
becomes too boggy when wet,
and too hard when dry.
• Moderate to high risk of
waterlogging and inundation,
highest on flats and low-lying
areas.
• Gilgai can be an obstacle to
machinery.
• These clays are highly dispersible
and sodic, and conditions are
often made worse by cultivation.
Soil management
• Green manuring of a high legume percentage pasture or a legume crop such as
lentils or peas may improve organic matter content and soil structure and aid in
improving yields.
• Minimum tillage or no-till  practices are preferred to maintain soil structure.
• Adding gypsum may help improve soil structure and increase productivity.
Investigate with a gypsum test and test strips first.
• Avoid working the soil when excessively wet.
• Activities which result in rapid loss of organic matter such as long fallowing in a crop
rotation and stubble burning should also be avoided.
Cropping /pasture options
• Highly suitable for wheat, oats and barley (oats will be the better option in wet
years).
• Suitable for canola, faba beans, field peas, chickpeas and potentially lentils.
• Pasture options include medics and in wet areas Persian and balansa clover.
• Where soils are sodic tall wheat grass and balansa clover pasture is a good
option.
Recharge reduction & surface water control
• Raised beds may improve surface drainage and enable plant species to persist.
• Shallow relief drains (‘W’) can be used to reduce ponding and promote drainage
from valley floors.
• Hard-setting clay can be reliable run-off source for dam catchments
Revegetation options
• Saline areas with barley grass can grow tall wheat grass and balansa clover mix.
• Can use the above combination in an alley farm situation. Acacia saligna is a
useful palatable species to include in the strips of trees.
• Tall fescue does well in waterlogged and flooded conditions.
• Fence off remnant vegetation/swamps and allow to regenerate, plant a buffer of
suitable native/farm forestry species.
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Land Management Unit Water and Soil Problems Management Options
Salt-affected land
(4,554 ha)
Soils are usually waterlogged and may
be subject to flooding.  Usually seen
on valley floors, drainage lines, and as
saline hillside seeps.
• Presently saline.
• Mainly groundwater discharge but
recharge may occur during winter.
• Very high risk of waterlogging,
inundation, and in some areas,
flooding.
• Highly susceptible to serious water
erosion problems (gully and rill),
particularly along saline drainage
lines.
Soil management
• Where possible, fence affected area to protect from compaction and erosion by
stock and traffic.
• Maintenance of ground cover to reduce risk of water erosion is recommended.
• Many of these areas are not suited to agricultural production.
Cropping/pasture options
• Not suitable for cropping
• Salt and waterlogging tolerant perennials such as tall wheat grass, tall fescue and
puccinellia are suitable.
Recharge reduction & surface water control
• Appropriate shallow surface drainage is recommended (e.g. W-drains, grade
banks, herringbone drainage and revegetation establishment).  Notification of
Intent to drain may be required.  Grader built intercepting banks to clay installed
above the salt-affected area may aid by draining water flowing on the clay
subsurface before it contributes to saline areas.
• Increase water use off-site as well as on-site.
Groundwater options
• Drains to relieve groundwater and groundwater pumping are expensive options.
Good design is essential and should be site specific.
• Drainage effluent should be disposed of without on or off-site degradation.
• A Notice of Intent to drain will be required.
Revegetation options
• Saltbush species, puccinellia, samphire.
• All revegetation areas should be mounded at  0.5 to 1% slope to reduce
waterlogging - mounds with a distinct 'V' work best.
• Single rows of saltbush species (direct seeded or seedlings), separated by alleys
of saltland pastures - managed for fodder
• Fence off creeks, waterways and adjacent bare/eroded areas.  Allow regeneration
of rushes, samphires, paperbarks and/or revegetate with tolerant native
species/saltbushes - not grazed.
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Land Management Unit Water and Soil Problems Management Options
Pale deep sand  (3,263 ha)
Pale grey or white sands deeper than
80 cm.  Gravel (<20%) may be
present through profile.  Generally
seen on upper to lower slopes and
valley floors.
• High groundwater recharge.
• High risk of wind erosion on
exposed crests, lunettes and
upper slopes, otherwise the risk is
moderate.
• These soils are very highly
leached, do not retain nutrients,
and are highly prone to sub-
surface acidification.
• Moderately susceptible to water
erosion, inundation on flats, traffic
and plough pans.
• Water erosion is a high risk on
exposed upper slopes.
• Sandy soils may display water
repellence.
• Soil water storage is generally low.
Soil management
• Practise stubble retention, brown manuring or maintain approximately 50% ground
cover to control wind and water erosion and maintain soil organic matter.
• Liming is likely to be uneconomical due to the characteristically low productivity of
this soil.
• Claying water repellent soils may be an option t where the problem is widespread.
Cropping/pasture options
• Suitable for wheat, barley and lupins.  Stubble retention will protect seedlings from
wind erosion.
• Lucerne with annual pasture to minimise soil erosion.
• Veldt grass and serradella mix; an annual sub. clover and casbah biserrula mix.
Recharge reduction & surface water control
• Grader built earthworks may alleviate soil erosion on slopes or inundation on flats,
but have a high maintenance requirement. Interception of shallow seepage
unlikely to be effective on downslope waterlogging. Waterlogging period may be
reduced on valley floors by the placement of shallow relief drains (‘W’, ‘U’ etc).
Revegetation options
• Maritime pines (Pinus pinaster - in the 400 to 500 mm rainfall zone) and Monterey
pines (Pinus radiata – in the higher rainfall zones).
• Plots of tagasaste planted in rows 3-6 m apart  - manage as fodder for cattle (will
need to be cut for sheep) Acacia saligna can be direct seeded, but as a fodder is
questionable value.
• Some pastures (e.g. serradella) may be sown between rows if wide enough.
• Fence off low production areas and remnant vegetation; allow regeneration or
plant suitable banksias, acacias.
• Seedlings usually grow best on deep sands; plant as early as possible.
• Ripping is recommended, mounding is not.  Scalping a narrow area may remove
non-wetting layer.
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Land Management Unit Water and Soil Problems Management Options
Rock outcrops (3,917 ha)
Include outcrops of granite, dolerite,
sandstone, quartz and hard ironstone.
Generally seen on ridges, peaks and
mid to upper hillslopes.
• Very high recharge through soil at
the edge of outcrops.
• Variable recharge can occur
through fractures in the rock.
• Hillside seeps can develop where
outcrop forces saline groundwater
to the surface.
• Outcrops may shed water resulting
in water erosion downslope.
Soil management
• This is non-agricultural land, but where possible should be fenced off and
managed separately, with emphasis on revegetation to maximise water use.
Surface water control
• Grade banks below a water shedding areas can alleviate erosion problems.
Absorption banks can be used where no safe disposal point can be located, as a
last resort due to the increased recharge risk. Absorption banks should be used in
conjunction with tree planting along bank.
• Larger granite rocks can be a good run-off source for dams.
Revegetation options
• Native vegetation is most suitable.
• Fence off and allow any existing vegetation to regenerate.
• Sandalwood plantation - hosts required.
• Revegetate with a mixture of native species around the rock areas - direct seed
sandalwood after hosts are established.
• Use direct seeding or seedlings as a method of establishing a buffer zone and
extra habitat around these important nature conservation areas.
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Land Management Unit Water and Soil Problems Management Options
Swampy areas (176 ha)
Semi-wet soil and wet soil.
Associated with swamps and other
areas experiencing serious
waterlogging and inundation for a
major part of the year (does not
include soils that have a temporary
perched watertable).
• High risk of becoming saline.
• Seasonal waterlogging, inundation
and flooding may severely limit
land use options.
• Saturated soils produce run-off,
increasing water erosion or
flooding risk.
• Cultivation of wet soils can
damage the soil structure.
• May have good summer moisture
for perennial pastures or summer
cropping.
Soil management
• Much of this area is not suited to agricultural production and where possible
should be fenced off and managed separately, with emphasis on maintaining
ground cover on surrounding associated areas to reduce risk of erosion.
Recharge reduction & surface water control
• Earthwork options are limited and site specific.
• Shallow relief drainage and herringbone planting/drainage in support of
revegetation may be beneficial around lake and swamp margins.
Revegetation options
• Saltbush and puccinellia.
• Mounding is recommended.
• Fence and allow to regenerate.
• See saline areas for revegetation techniques.
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Land Management Unit Water and Soil Problems Management Options
Yellow and brown deep sand
(3,988 ha)
Yellow or brown sand deeper than
80 cm. Generally seen on mid to
lower slopes and valley floors, and
as dunes.
• High groundwater recharge.
• High risk of wind erosion on
exposed crests and upper slopes,
otherwise the risk is moderate.
• These soils are very highly
leached, do not retain nutrients,
and are highly prone to sub-
surface acidification.
• Moderately susceptible to water
erosion, inundation on flats, traffic
and plough pans.
• Water erosion is a high risk on
exposed upper slopes.
• Sandy soils may display water
repellence
• Soil water storage is generally
low
Soil management
• Practise stubble retention, brown manuring or maintain approximately 50%
ground cover to control wind and water erosion and maintain soil organic matter.
• Liming may be necessary to achieve crop and pasture production potentials and
assist in the establishment of lucerne; regular monitoring of soil pH levels is
advised.
• Claying water repellent soils may be an option where the problem is widespread.
Cropping/pasture options
• Highly suitable for wheat, oats, barley, lupins and canola.
• Phase cropping with lucerne.
• Pasture options include annual sub clovers, serradella and casbah biserrula.
• Veldt grass and serradella mix.
Recharge reduction & surface water control
• Generally not suitable for surface water control earthworks due to slumping of
the structures.
• Maximise water retention with good soil management practices such as working
to the contour and maintaining a good pasture cover.
• Grader built earthworks may alleviate soil erosion on slopes or inundation on
flats, but have a high maintenance requirement. Interception of shallow seepage
unlikely to be effective on downslope waterlogging. Waterlogging period may be
reduced on valley floors by the placement of shallow relief drains (‘w’, ‘u’ etc).
Revegetation options
• Maritime pines (Pinus pinaster )- in the 400 to 500 mm rainfall zone
• Tagasaste planted in rows 3 to 6 metres apart  - manage as fodder for cattle (will
need to be cut for sheep) Acacia saligna can be direct seeded, but as a fodder is
questionable value.
• Some pastures (e.g. serradella) may be sown between rows if wide enough.
• Fence off low production areas and remnant vegetation; allow regeneration or
plant suitable banksias, acacias.
• Seedlings usually grow best on deep sands; plant as early as possible.
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Land Management Unit Water and Soil Problems Management Options
Mallet hills
(2,166 ha)
Pink or reddish water repellent soils,
maybe gravelly, often acidic.  Isolated
hillcrests and breakaways.
• Generally low recharge
because water runs off.
• Highly susceptible to water
erosion, particularly on
breakaways with slopes >10%.
• Highly susceptible to water
repellence and topsoil structure
decline.
• Subsoils are often acid and
saline, and if exposed remain
bare and unproductive.
Soil management
• Maintenance of ground cover is important to reduce water erosion risk.
Surface water control
• Grade banks below a water shedding area can alleviate erosion problems and
may be a good water source for dams situated nearby.
• Dams should not be constructed on this LMU due to the poor water-holding
capability of the subsoil.
• Grade and seepage interceptor banks can reduce erosion and waterlogging.
Care should be taken in placement of banks as striking rock may lead to
increased recharge.
Revegetation options
• Fence off and revegetate with species native to the catchment.
• Oil mallees - contact local Oil Mallee Company for suitable species.
• Eucalypt sawlogs - brown mallet for posts, sawlogs.
• Fence and allow to regenerate.
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4.2  Farming systems
Arjen Ryder, Farming Systems Officer, Albany and Cindy Stevens, Development
Officer, Gnowangerup
Farming systems across the Pallinup North Stirling and Upper Frankland sub-regions
generally comprise annual crops grown in rotation with annual pastures.  Farm
income is predominantly generated from grain, sheep and wool production. In recent
years farming systems have headed towards longer cropping phases which have
been beneficial in reducing the risk of herbicide resistance, maximising returns on
grain, and have been possible with more cropping options such as canola,
chickpeas, field peas, faba beans, lentils and vetches.  The recent revival of minimum
and no-till farming has reduced the effects of erosion and soil structural decline.
Yield range for common crops, and sheep numbers in an average year in the
Gnowangerup, Tambellup and Broomehill Shires:
Wheat Barley Oats Lupins Canola Sheep
1.75-2 t/ha 1.75-2 t/ha 2-3 t/ha 1-1.25 t/ha 1-1.25 t/ha 300,000-800,000 head
Current farming systems for the Gnowangerup, Upper Pallinup and Peringillup
catchments include the adoption of no tillage with knife points and an increasing use
of press wheels.  Typical rotations may include a four to six year cropping phase,
followed by a two to three year pasture phase (e.g. canola:wheat:barley:lupins:
wheat:oats:pasture:pasture or wheat:wheat:barley:oats:pasture:pasture:pasture), and
in some cases a one to one year phase (one year pasture, one year cereal). Trace
element deficiencies can be an issue (Zn, Cu, Mn); there is an increasing use of
potash in response to deficiencies and nitrogen status is generally good.  Herbicide
resistance is an issue for most growers in the area (Group A – grass selective and B
- knockdown herbicides).
Considerable research has been undertaken on the effect that standard agricultural
systems have on the hydrological cycle, especially recharge and discharge areas,
groundwater levels and salinity.  Under current farming systems, it has been
estimated that salinity across the South West could increase to as much as 8 million
hectares (Short & McConnell 2001).
A large proportion of this potential recharge can be reduced by (i) increasing the area
under perennials; (ii) introducing phase cropping with perennials; and (iii) applying
management options to improve the productivity of crops and pastures. These
systems are generally referred to as low recharge farming systems.
Research is currently underway to assess various perennial pasture species and
determine how they may be used more effectively within the current annual farming
systems.
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Lucerne phase farming as an option
Economic and environmental benefits are important considerations before
introducing perennials.  Phase farming with lucerne (three to four years crop, three to
four years lucerne) is becoming widely accepted for its profitable contribution to the
grazing and cropping systems with the added benefits of reducing recharge,
increased soil nitrogen and winter cleaning in managing herbicide resistance.
AgET is a model that estimates recharge based on soil, rainfall and plant species.
The model was developed by the Department of Agriculture, in association with the
University of Melbourne. As with all models and mathematical assumptions, it is
important to note that it provides an estimate. Variations will occur in the field.
A generalised example (calculated using AgET) is given below showing the
estimated reduction in recharge across a 2,010 ha property, when lucerne plantings
were increased from 0% to 20% of the property.
Property size: 2,010 ha
Average rainfall:  400 mm (AgET rainfall records from 1974 to 1993)
Soil Groups: Deep sandy duplex 46%
Shallow sandy duplex 25%
Shallow loamy duplex 20%
Deep sand   5%
Saline soil   4%
Under the existing land use of annual pasture and crop:
Annual pasture 1,006 ha 53%
Crop 904 ha 47%
Total arable land 1,910 ha 100%
Remnant bush + non-arable 100 ha
Total land area 2,010 ha
Recharge is 51 mm (or 12.5% of annual rainfall).
Having 20% of the property under lucerne with the same land area cropped:
Annual pasture 604 ha 33%
Lucerne 402 ha 20%
Crop 904 ha 47%
Total arable land 1,910 ha 100%
Remnant bush + non-arable 100 ha
Total land area 2,010 ha
Recharge is reduced to 39 mm (or 9.5% of annual rainfall)
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When introduced into the existing annual farming systems, lucerne and other
perennial species, have the capacity to reduce recharge by increasing the depth of
soil profile explored (lucerne roots have been found growing down to 3.5 m) as well
as surviving over summer. Production benefits include: (i) additional green feed after
annuals have dried off, thereby reducing autumn hand feeding; (ii) increasing the
potential to fix 60 kg of soil nitrogen/ha/yr; and (iii) increasing protein levels in
following grain crops.
Figure 4.2.1 and Table 4.2.1 illustrate the possible effect of changing management to
reduce recharge on long-term groundwater levels in the catchment.  Growing lucerne
or other perennials can decrease the eventual extent of land at risk of becoming
saline.   It also slows the rate of salinisation.
Figure 4.2.1.  Effect of reducing recharge on groundwater levels over 100 years in
the Gnowangerup catchment
Table 4.2.1.  Possible effect of increasing perennial vegetation on the extent
and rate of salinisation in the Gnowangerup catchment
Percentage of flow path affected by
shallow watertables 50 years
At
equilibrium
Number of years
taken to reach
equilibrium
Current practice 83% 68% 65
50% perennials 75% 32% 18
25% perennials 79% 56% 30
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Options for introducing perennial systems into the farm
Lucerne can be introduced by establishing a whole paddock and grazing it according
to growth.  Further information on establishment and grazing can be accessed
through the Western Australian Lucerne Growers association (refer to Section 5).
Alley farm systems using trees or shrubs (such as oil mallees, pines, acacias,
tagasaste or saltbush) in belts with either an annual component or perennial pasture
between the belts has been adopted successfully in fresh to marginally saline areas
(Ryder et al. 2000).
Tall wheat grass and balansa clover have been successfully grown on marginal to
saline land (Robinson 2000, Ryder et al. 2000).
Block planting of trees or in belts of five rows have proved useful in reducing wind
erosion (Ryder et al. 2000).
Future farming systems
Farming systems will inevitably include more perennials either for recharge reduction
or for increased whole farm productivity (such as weed and grazing management and
strategic cropping cycles).
Another enhancement will be the improved coordination and delivery of precision
agricultural systems.  Information collected from individual paddocks at a detailed
scale (using a GPS and yield monitor) will link back to the better management and
identification of soil types, fertility status, landscape position, areas of low productivity
and marginal or potential saline areas.  This level of technology will prove useful
when deciding what the best (or most economically sustainable) land use will be per
paddock together with maximising the potential for each agricultural system.
The Australian Centre for Precision Agriculture website:
www.usyd.edu.au/su/agric/acpa/pag.htm has some useful information for following up
the latest developments.
SOUTH BROOMEHILL–GNOWANGERUP APPRAISAL
50
4.3 Salinity management - assessing economic feasibility
Michael O'Connell, Regional Economist, Albany
4.3.1 Guiding principles
Decisions about salinity management are often complex.  Deciding on what to do,
when to do it, and how much of it to do are big decisions.  In order to minimise the
chance of costly mistakes, the following process is recommended:
1. Identify the problem, its causes and impacts on the farm business.
2. Identify the various courses of action that are technically feasible.
3. Analyse the economic and financial feasibility of the options available to you.
4. Implement your chosen solution(s) to the problem.
5. Monitor, control and revise for unexpected developments.
The focus here will be on assessing economic feasibility.  Information relating to
items 1, 2, 4 and 5 can be found elsewhere in this document and by contacting
Department of Agriculture advisers.
4.3.2 Assessing the economic feasibility of salinity management options
A cash flow budget will provide a lot of useful information about likely impacts of
proposed changes on farm business profitability.  Remember - mistakes made on
paper cost a lot less than mistakes made in the paddock.  The following steps are
required to make a cash flow budget:
1. Identify the establishment costs.
2. Identify ongoing maintenance costs.
3. Identify benefits.
4. Combine benefits and costs to create budget.
5. Compare with current practice.
These steps will now be illustrated using oil mallees as an example.  The numbers
given are intended as examples only.
Table 4.3.1a.  Step 1: Identify establishment costs (year one)
Establishment costs Per hectare
Ripping, mounding & planting $150
Trees 2,500 seedlings @ $0.40 each $1,000
Weed control 1.0 L / ha glyphosate @ $6.00 / L $6
4.0 L / ha simazine @ $5.25 / L $21
Allowance for loss of stubble grazing $20
Firebreaks $5
Insurance $5
Total $1,207
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Table 4.3.1b. Identification of establishment costs (year two)
Establishment costs Per hectare
Weed control $25
Contingency item (e.g. insect control) $10
Allowance for loss of stubble grazing $20
Firebreaks $5
Insurance $5
Total $65
Assumptions: (a) Machinery operations are to be done by contract or with hired equipment; (b) Trees
are to be planted in hedges with conventional farming practice in the alleys.  The hedges take up 15%
of the landscape; (c) The alleys are sown to crops in the first two years and that no stock are allowed
in until year three.  An estimate of the opportunity cost of lost stubble grazing is included.  A
contingency line is also included to account for unexpected costs that inevitably occur.
Table 4.3.1c.  Step 2: Identify ongoing maintenance costs
Ongoing maintenance costs - year three onwards Costs per hectare
Allowance for rabbit control $5
Contingency item $5
Firebreaks $5
Insurance $5
Total $20
Table 4.3.1d.  Step 3: Identify benefits
Harvest returns
Number of trees (assumes 90% survival) 2,250 /ha
Yield 25 kg/tree
Net price of biomass (after harvest & transport) $15 /tonne
Total benefit at harvest $844 /ha
The final results will be highly sensitive to assumptions about yield and price.  It is worth repeating the
calculations for a best case and worst-case scenario.  It is also necessary to estimate the number of
years to first harvest and the frequency of harvests after that.  In the cash flow budget (see below) it is
assumed that the first harvest is in year five, with subsequent harvests every two years.  Again, it is
worth repeating the calculations for different scenarios.
Step 4: Combine benefits and costs to create budget.
The costs and benefits can now be entered into a computer spreadsheet or written
out on paper.  An example format is given in.  Having the budget in a computer
spreadsheet is particularly useful in that is easy to change assumptions and see the
impact on results.  To reflect the long-term nature of oil mallees the budget has been
extended to 15 years.  All figures are before interest and tax.
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Table 4.3.2.  Example of oil mallee cash flow budget
Year Costs ($/ha) Harvest returns ($/ha) Cash flow ($/ha)
1 $1,207 $0 -$1,207
2 $65 $0 -$65
3 $20 $0 -$20
4 $20 $0 -$20
5 $20 $844 $824
6 $20 $0 -$20
7 $20 $844 $824
8 $20 $0 -$20
9 $20 $844 $824
10 $20 $0 -$20
11 $20 $844 $824
12 $20 $0 -$20
13 $20 $844 $824
14 $20 $0 -$20
15 $20 $844 $824
 The budget is presented in ‘real’ dollars with the effects of inflation removed.  This is appropriate for
an economic analysis where we are trying to assess the relative profitability of a new enterprise.
However when it comes to actual financial planning it is important to account for inflation and work in
‘nominal’ dollars.  In some economic analyses it may also be necessary to make adjustment for real
changes in the value of inputs and outputs.
Step 5: Compare with current practice.
The critical question to ask now is “How does this new activity compare with the
current farming system?”  For example, assume the existing crop and pasture
program generates a year in - year out gross margin of $125 /hectare.  How can this
figure be compared against the uneven cash flow pattern of the new activity, in this
case oil mallees?
One approach would be just to add up all the expected future cash flow amounts.
Don’t!  This will give the wrong answer!  Why?  Because a dollar received today is
worth more than a dollar received in the future.  And this is true even when inflation is
left out of our calculations, because a dollar can be invested today and earn a real
return.  For example $1 growing at 10% p.a. compounded will be worth $2 after
seven years.  Add to this the fact that most people have a “time preference” for
money and it becomes obvious why it is so important to make some adjustments to
the value of future cash flows.  This is done by a process called discounting.  In this
example a discount rate of 7.5% p.a. is used.
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Table 4.3.3.  Discounted cash flow (DCF) for oil mallees compared to current
land use
Oil mallee Current land use
Year Discountfactor
Cash flow
($/ha)
DCF
($/ha)
Cumulative
DCF ($/ha)
Cash flow
($/ha)
DCF
($/ha)
Cumulative
DCF ($/ha)
1 0.93 -$1,207 -$1,123 -$1,123 $125 $116 $116
2 0.87 -$65 -$56 -$1,179 $125 $108 $224
3 0.80 -$20 -$16 -$1,195 $125 $101 $325
4 0.75 -$20 -$15 -$1,210 $125 $94 $419
5 0.70 $824 $574 -$636 $125 $87 $506
6 0.65 -$20 -$13 -$649 $125 $81 $587
7 0.60 $824 $497 -$153 $125 $75 $662
8 0.56 -$20 -$11 -$164 $125 $70 $732
9 0.52 $824 $430 $266 $125 $65 $797
10 0.49 -$20 -$10 $256 $125 $61 $858
11 0.45 $824 $372 $628 $125 $56 $914
12 0.42 -$20 -$8 $619 $125 $52 $967
13 0.39 $824 $322 $941 $125 $49 $1,016
14 0.36 -$20 -$7 $934 $125 $45 $1,061
15 0.34 $824 $278 $1,212 $125 $42 $1,103
Discount factor = 1 / (1 + r) y, where r is the discount rate expressed as a decimal (e.g. 7.5% becomes
0.075), and where y is the number of years into the future.  Depending on the situation it may also be
appropriate to factor in a yield decline due to land degradation with the current land use.  However
keep in mind that the effect of any land degradation (e.g. a salt scald) could well be offset, at least
partly, by efficiency gains on the remainder of the landscape.
After 15 years the cumulative value for oil mallees is slightly ahead of current land
use, but in all prior years the current practice is ahead (Figure 4.3.1).
Figure 4.3.1.  Example of cumulative cash flow for oil mallees and current land use.
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It is also important to see how sensitive profits are to changes in assumptions.
Figure 4.3.2 shows discounted cash flow under two different harvesting schedules.
The first scenario is for first harvest in year four, then every two years.  The second,
less optimistic, scenario is for first harvest in year five, then every three years.  Other
important assumptions to test are yield, price, establishment costs and discount rate.
These will all have a significant impact on results.
Figure 4.3.2.  Impact of different harvesting schedules on the cumulative cash flow
from oil mallees, compared with current land use
4.3.3 What the results mean and how to use them
Putting the budget together is one thing.  Interpreting the results is another.  The key
thing is to work out which numbers are important and which are not.  For example, in
the oil mallee example establishment cost, yields, prices, harvest schedule and
discount rate were identified as important.  The important numbers in any budget
should be identified and examined under a wide range of scenarios.
Related to this, it is also important to recognise that a lot of the figures that go into
budgets will be ‘soft’.  History shows that the best estimates about the future will
rarely, if ever, happen as expected.  There is a need to regularly review projects,
make revisions, and possibly even accept something that was previously rejected.
Remember also that a cash flow analysis does not give a definitive answer.  A range
of factors should determine the final decision, such as:
• Personal goals and ambitions.  What are the implications for lifestyle etc?
• Practical considerations.  For example, what are the implications for the
current farming system?  Are modifications to plant and equipment required?
What about timing of operations, and conflicts in the use of labour and
machinery?
• Financial situation.  For example, does the financial position allow the luxury of
a long-term investment with several or more years to cost recovery?  If the
new venture falls on its face what will this mean for the farm business?
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Table 4.3.4.  Selected enterprises for salinity management - important costs, benefits and cash flow implications
Option Costs / disadvantages Benefits / adv antages Cash flow implications Main profit drivers
Perennial
pastures
(e.g.
lucerne,
kikuyu)
• Establishment costs are usually similar to cost
of planting a crop.
• Ongoing costs are similar to annual pasture.
• Removal can require several sprays and careful
management.  Dead plants can create
problems for seeding following crops.
• Soil profile will be very dry after a perennial
pasture phase.  Crop yields may suffer if
growing season rainfall is low.
• Potential for animal health problems on lush
green feed, but risk can be managed.
• Reduced recharge.
• Supply of quality feed
during autumn feed
trough.
• Disease break for
following crops.
• Nitrogen fixation by
legumes (e.g. lucerne).
• Usually negative cash
flow in year 1, but
cover cropping can
help recoup costs.
• Positive cash flow from
year 2 onwards.
• Anticipate full cost
recovery after 2 to 7
years.
• Livestock and wool prices
• Flock structure
• Success of establishment (failure
is expensive).
• Quality and quantity of out of
season feed
• Availability and cost of other
feeds
• Yield and protein boost in
following crops
• Area grown (average value
declines as more area is sown)
Balansa
clov er
• Should cost less than a crop to establish.
• Careful grazing management is required.
• Can be grown in areas
where traditional
pastures perform
poorly.
• Waterlogging allows
extended growing
season.
• A well-managed
balansa pasture can
be very profitable.
• Quality of dry feed in summer
• Livestock and wool prices
• Flock structure
• Area grown
Saltbush
pasture (e.g.
saltbush,
puccinellia,
tall wheat
grass,
balansa
clov er)
• Establishment costs vary enormously, typically
ranging from $75/ha to over $200/ha.
• A good supply of fresh water must be provided
for stock.
• New fences might be needed.
• Mustering can be a problem.
• Generally not suitable for lambing ewes and
young sheep.
• Reduced recharge.
• Reduced water
erosion.
• Saltbush dries soil
profile to allow salts to
be flushed from
topsoil.  Other plants
can then establish
(e.g. balansa clover,
grasse s).  Other
pasture species
provide more grazing
value.
• Can last for many
years if managed well.
• Some grazing
available in the first
year.
• Cost recovery period
will depend a lot on
cost of establishment.
• Have been
demonstrated to be
profitable, especially
when a good
understorey of highly
nutritious pasture is
established.
• Livestock and wool prices
• Success of establishment (failed
establishment is expensive)
• Quality and quantity of out of
season feed
• Availability and cost of other
feeds
• Area grown
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Option Costs / disadvantages Benefits / adv antages Cash flow implications Main profit drivers
Tagasaste
• Establishment cost typically $100-$150/ha.
• Require ongoing management to prevent plants
getting to big.
• New fences might be needed.
• Mustering can be a problem.
• Stabilises soil.
• Reduced recharge.
• Provides year round
feed.
• Depends strongly on
how well the plants are
utilised.  Well-
managed stands can
be profitable.
• Feed must be utilised in order to
realise benefits.
• Livestock prices.
• Success of establishment.
• Availability and cost of other
feeds.
• Area grown.
Tree crops
in alleys,
such as oil
mallees
• Often costs over $1,000/ha to establish, plus
ongoing maintenance.
• Modifications to machinery may be required in
order to farm between alleys of trees.
• Livestock must be excluded for at least the
establishment phase.
• Future prices and yields are uncertain.
• Land is taken out of crop and pasture
production.
• Reduced recharge.
• Potential to generate
future income.
• Windbreak effect
reduces soil erosion.
• Large up front costs.
• Delay of several years
at least before first
income.
• Typically 10 + years to
full cost recovery.
• Cost of establishment.
• Years to first harvest.
• Frequency of harvest.
• Price received and yields.
• Profitability of alternative land
use.
• Discount rate (opportunity cost of
alternative investments).
Tree crops
in blocks,
such as
sandalwood
• Often costs over $1,000/ha to establish, plus
ongoing maintenance.
• Livestock must be excluded for at least the
establishment phase, often longer.
• Future prices and yields are uncertain.
• Recharge benefits restricted mainly to land on
which trees are planted.
• As above. • As above. • As above.
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4.4 Surface water management
Austin Rogerson, Land Conservation Officer, Department of Agriculture, Albany
4.4.1 Conservation land management options
Conservation land management options seek to use excess water so as to minimise
run-off, to improve flat land drainage to reduce excess water and waterlogging and
protect against erosion by covering the soil with vegetation and reducing the speed
(velocity) of surface water run-off.
There are four land management options, which may be used within most areas of
the South Broomehill-Gnowangerup area.
• Vegetative cover to use the water (transpiration), protect the soil from raindrop
impact and surface water run-off, and to slow down surface water flow
• Working land along the contour to contain surface water in the furrows
• Adopting minimum-tillage or no-till age cropping techniques to reduce damage
to soil structure
• Appropriate designed conservation earthworks including permanently grassed
waterways to slow water velocity whilst providing maximum drainage of all
areas.
Surface water earthwork options
Surface water earthworks reduce the velocity and volume (peak flow) from run-off by
diverting or retaining run-off flow.  Table 4.4.1 shows the area of slope classes of six
major soil landscapes, which represent the majority of area currently used for
agricultural production.  Subject to site survey, this data represents a guide to the
potential for surface water earthworks over six major soil-landscapes, which
represents a total of 12,1643 ha of the South Broomehill-Gnowangerup area.
The deep sandy duplex soils of Classes 1 and 2 may make the placement of grade
banks difficult, and depth to clay would need to be surveyed before work
commencement.  Subject to clay depth, there may be opportunities to install grade
banks and waterways on up to 100,000 ha with slopes between 0 and 10%.  The
most suitable soil-landscapes for grade banks and waterways are Classes 1, 2 and 4
in areas of shallow clay.
The most suitable soil landscapes for drains are Classes 4, 5 and 6.  These areas
that are under 1% grade may benefit from shallow relief drains to alleviate
waterlogging.  Whilst these deep sandy soils are highly permeable, if they are
saturated and subject to ponding crops will benefit from drainage.  The valley flats
and saline drainage lines of Classes 5 & 6 would particularly benefit from drain line
definition by implementing works such as ‘W’ drains and shallow relief drainage.
The areas suitable for shallow relief drains and raised beds can not be determined
using Table 4.4.1, however 11,637 ha that have less than 1% slope and are subject
to waterlogging would benefit from surface drainage and may increase production
from raised bed cropping.
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Table 4.4.1. Area of agricultural land presenting opportunities for surface water
earthworks subject to soil and slope classes
Slope class
Class * Dominant soil-landscape(refer to Section 2.3) 0-1% 1-6% 6-10% >10%
Total (ha)
1 Ca2+Ca2s+Ny2+Tn2+Up2 5,472 61,369 2,008 154 69,003
2 Ca3+Up3 1,285 23,188 1,229 104 25,806
3 Ca1+Ca1s+Up1+Hd1 832 8,593 711 76 10,213
4 Ca4+Up4+Nt2 1,077 7,052 178 17 8,324
5 Ca6+Gd1+Gd6+Up6 2,213 2,906 56 7 5,182
6 Ca5+Gd5+Up5 7,58 2,250 92 5 3,105
Total (ha) 11,637 105,358 4,274 363 12,1633
* Legend to Classes (refer also to Section 2.3)
1. Hillslopes with both Grey deep sandy duplex and Grey shallow sandy and Loamy duplex.
2. Hillslopes with rocky outcrops.  Common soils are Red deep sandy duplex, Gritty brown deep sands
and Grey deep sandy duplex.
3. Upper slopes, hillcrests and breakaways. Common soils are sandy gravels, pale deep and shallow
sands some with gravel.
4. Lower footslopes and drainage lines. Common soil is Grey shallow and deep sandy duplex.
5. Valley flats, river channels with narrow plains and small dunes. Saline wet flats with Grey deep and
shallow sandy duplex are common.
6. Saline drainage lines and flats. Common soil is Grey shallow and deep sandy duplex.
Structures with no land slope criteria (refer to Table 4.4.2) would need site-specific
land assessment to determine their suitability.  Based on slopes only 363 ha or 0.3%
is unsuitable for banks and drains, i.e. >10%, and 258 ha or 71% of this falls within
the Class 1 and 2 soil-landscape, which represents rocky outcrops and hillslopes of
the Carrolup System.
Earthworks require careful planning because inappropriate and poor designs can
cause more degradation. Suitably qualified people need to be consulted for the legal
aspects, design and construction of earthworks. The following points need to be
addressed in surface water earthwork planning:
• Land assessment; information on soil condition, vegetation cover, catchment area,
annual average rainfall and slope is used to calculate maximum flow s, safe grades and
safe velocity.  http://www.agric.wa.gov.au/progserv/natural/assess/index.htm
• The annual recurrence interval (ARI); is the frequency an earthwork is designed to f ill or
safely fail. Important earthw orks, such as dams, w aterways and absorption banks are
designed for at least a 20-year ARI. The minimum design of most drains and banks is a
10-year ARI (Bligh 1989).
• Legal aspects; there are legal aspects that must be considered before earthw orks are
constructed. Diversion of f lows, increasing f low velocities or increasing quantity of f low ,
could cause damage to neighboring properties for which the drainage proponent may be
responsible (Keen 1998). Catchment planning and discussing planned earthw orks with
potentially affected neighbors is recommended.
http://www.agric.wa.gov.au/environment/land/drainw ise/legal/index.htm
After defining the problem and carrying out land assessment, the type and design of
earthwork to construct is selected. The design criterion for earthworks commonly
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used in Western Australia is listed in Table 4.4.1.  Earthworks alone cannot halt the
rising watertable and need to be used in conjunction with other conservation farming
strategies. For more information visit
www.agric.wa.gov.au/environment/land/drainw ise/options/index.htm
Table 4.4.1.  Design criteria for common surface water earthworks used in
Western Australia
Earthwork design Land slope(%) Soil type
Grade
(%) Landscape position
Grade bank Up to 10 SD / L 0.2 to 0.5 Upper & mid-slope
Seepage interception
bank Up to 10 SD / DD / S Lower & mid-slope
Absorption and level
banks Up to 10 SD / L 0 Breakaways & upper-slope
Broad-based banks 2 to 6 SD / L 0.15 to0.3 Upper, mid & lower-slope
Shallow relief drains Up to 0.2 C / SD Up to 0.2 Valley floor
Levee waterways Up to 10 C / S / DD /SD Up to 10 Valley floors and hillslope
Raised bed 0.1 to 2 0.1 to 2
Evaporation ponds Site
specific 0
Dams Up to 10 C / SD / DD /L Up to 10 Not in valley watercourse
Roaded catchment Up to 6% C / SD Up to 6% Good clay required close tosurface
** Key to Soil Groups
C: Clay G: Gravel
S: Sand SD: Shallow duplex
L: Loam DD: Deep duplex
Further information about all of the above structures can be found out by an on-line search
through the follow ing w eb page.
http://www.agric.wa.gov.au/environment/land/drainw ise/options/engineering
4.4.3 Conservation earthworks
Comprehensive descriptive information about various conservation earthworks and
their placement in the landscape, is available on-line through the Department of
Agriculture's internet site (Table 4.4.3, Figure 4.4.1).  Similar information can be
sourced through several other Department of Agriculture technical publications.
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Figure 4.4.1. Schematic representation of some typical contour earthworks (after
Negus unpub & Lefroy n.d.)
Table 4.4.2.  Web links to follow on design, description and placement of
conservation earthworks
Valley floors and lower-slopes
Shallow relief drains www.agric.wa.gov.au/environment/land/drainwise/options/engineering/Sh_relief.htm
Levee and leveed
waterways
www.agric.wa.gov.au/environment/land/drainwise/options/engineering/lev
ees.htm
Raised beds
Lower to mid-slopes
Seepage interceptor
drain
www.agric.wa.gov.au/environment/land/drainwise/options/engineering/see
pge.htm
Mid to upper-slopes
Diversion and broad-
based banks
www.agric.wa.gov.au/environment/land/drainwise/options/engineering/Div
_bbks.htm
Contour grade banks www.agric.wa.gov.au/environment/land/drainwise/options/engineering/Gr_
bnk.htm
Upper-slopes
Absorption and level
banks
www.agric.wa.gov.au/environment/land/drainwise/options/engineering/Ab
_bank.htm
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4.4.4 Other earthworks
Dams
www.agric.wa.gov.au/environment/land/drainwise/options/engineering/dams.htm
No dam site should be selected without drill ing for soil suitability
Roaded catchments
www.agric.wa.gov.au/environment/land/drainwise/options/engineering/Rdd_cmnt.htm
Evaporation basins and ponds
http://www.agric.wa.gov.au/environment/land/drainwise/options/engineering/Evap_Bsns.htm
Evaporation basin design is based on the criterion that no leakage occurs to any groundwater
that has an existing beneficial use or a potential beneficial use, nor should there be any
overflow to environmental sensitive areas
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4.5 Groundwater management
John Firth, Katanning and Austin Rogerson, Albany, Land Conservation Officers
There are only a few options for managing groundwater before it contributes to
waterlogging and salinity.  The effectiveness is limited due to the local and
intermediate groundwater flow systems that typically have low permeability and
gradients and therefore have a low ability to move groundwater. Table 4.5.1 offers
some options that may be suitable in the study area.
Table 4.5.1. Groundwater management options
Open deep drains
Deep drains are used to lower the watertable close to the surface, reducing waterlogging of the
topsoil while allowing rainfall to leach salt from the upper profile.
Construction of deep drains is a relatively expensive.  Open drains remove land from production
and their effectiveness is variable according to soil type. Careful planning and site asse ssment is
required to ensure deep drains are effective.
Farmers must notify the Commissioner of Soil Conservation of their intention to construct deep
drains at least 90 days before undertaking the earthworks.
http://www.agric.wa.gov.au/environment/land/drainwise/options/engineering/deep_drains.htm
Groundwater pumping
Pumping is most often used to protect sites in recovery catchments (nature conservation), rural
towns and other areas where high value assets are at imminent risk.
Groundwater pumping is most effective in permeable aquifer systems. These include deep sandy
profiles, thick saprock over basement rocks with coarse material and in some geological faults and
shear zones.
The Commissioner of Soil Conservation must be notified at least 90 days before undertaking
groundwater pumping with associated earthworks.
Farmnote 20/2001 Agriculture Western Australia.
http://www.agric.wa.gov.au/environment/land/drainwise/options/engineering/Gwtr_pump.htm
Relief wells (artesian bores)
A relief well is a 'free flowing' groundwater bore driven by artesian pressure.
When planning to install relief wells, a notice of intent (NOI) is required to be submitted to the
Office of the Commissioner for Soil and Land Conservation at least 90 days prior to installation.
Farmnote 42/2001 Department of Agriculture Western Australia.
http://www.agric.wa.gov.au/environment/land/drainwise/options/engineering/Rlf_wells.htm
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Legislation - notice of intent to drain or pump
Management of surface and subsurface water through constructed drainage is recognised, as one
of the legitimate tools available to fighting salinity, waterlogging and inundation, although
increased use of water through vegetation or farming systems remains the preferred option.
Regulations established under the Soil and Land Conservation Act require that:
"When an owner or occupier of land proposes to drain or pump water from under the land surface
because of salinity of the land or water and to discharge that water onto other land, into other
water or into a watercourse, the owner or occupier shall, at least 90 days before the draining or
pumping commences, notify the Commissioner in writing inn the manner set forth in Form 2
Schedule 2".
Landholders need to understand that they have a duty of care to ensure their management actions
do not lead to land degradation. A penalty will apply to the owner or occupier who fails to notify the
commissioner.
http://www.agric.wa.gov.au/environment/land/drainw ise/legal/index.htm
4.6 Salt-affected agricultural land
4.6.1  Managing salt-affected agricultural land
Western Australia currently has a substantial area of salt-affected and variably
waterlogged land (2 million ha).  In the ‘do-nothing’ scenario, this area is predicted to
increase to some 3 million ha by around 2020, before rising to more than 6 million ha
when groundwater equilibrium is reached.
The level of intervention required to substantially reduce the rate of rise in
watertables (and related extent of salinity) is significant.  New farming systems need
to be developed, demonstrated and adopted.  In the interim recharge will continue
and salinity will inevitably expand.
Some of this land can be productive, some not, but all needs to be managed to
minimise on-site erosion and off-site impacts such as sedimentation and flooding.
Not all saltland is the same.  Based on plant growth responses, saltland can be
divided into three general capability classes with respect to their productive potential.
• Land of ‘low’ productive potential.  This category dominated by clays and shallow
duplex soils of the valley floors, especially in areas less than 600 mm/yr. This land
is subject to regular inundation, waterlogging and/or high concentrations of salt in
the soil profile.  Sodic subsoils in many areas reduces the opportunity for drainage
and related sub-soil conditions restrict plant growth.  The soils will be bare,
support self-sown samphire (Halosarcia spp.) or contain a patchy cover of highly
salt-tolerant annual grasses and forbs.  These soils may be planted to halophytic
forage shrubs like saltbushes (Atriplex sp), however their productivity (leaf
production) will be low (mostly less than 0.5 tonnes per hectare per annum).
Planting and other interventions (e.g. engineering) on these sites are likely to be
uneconomic.  These sites should be stabilised by controlling grazing and allowed
to regenerate naturally.
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• Land of ‘moderate’ productive potential.  This category dominated by deeper
duplex and ‘morrel’ soils and supporting patchy stands of barley grass.  Extreme
salt accumulation in the root zone may occur in clayey B-horizons, but not in the
more leachable A-horizons.  These areas may grow trees for several years;
however it is expected that they will either die (or grow poorly) in the longer term
(approx. 5-20 years) because of the irreversible accumulation of salt in the deeper
root-zones.  These sites are most suited to the growth of saltland pastures.  In the
<600 mm rainfall zone, Atriplex sp. and Maireana brevifolia can be established by
niche seeding or the planting of nursery raised seedlings.  These plants have
value as forages, but more importantly will act to lower watertables when grown in
association with annual legumes such as balansa clover. Perennial ‘partnerships’
or associations of plants such as Acacia saligna and tall wheat grass, or
puccinellia and a legume on duplex soils, are also likely to be profitable in higher
rainfall areas (400-600 mm).
• Land of ‘high’ productive potential.  This category, dominant over the low valley
slope areas is characterised by deeper duplex soils carrying thick stands of barley
grass with some rye grass but an absence of clovers.  Salinity levels are relatively
low but the land area is highly susceptible to waterlogging.  Further upslope this
class may feature a sandplain landscape with related seeps (areas where sands
and gravels shelve out onto clays).  This land is primarily affected by
waterlogging.  It will grow a range of moderately salt and waterlogging tolerant
trees (e.g. Eucalyptus camaldulensis, E. occidentalis, Melaleuca and Casuarina
species).  Sandplain seeps are also readily reclaimed using strategic tree
planting.
The options for management of each of these classes vary with climate.  However, a
first step in the management of any areas of saltland should be to reduce
waterlogging and inundation.  Surface water management above the area of saltland
using appropriately designed and constructed grade banks will minimise the flow of
water onto the area.  In some instances it will be necessary to reduce ponding and
inundation of the saline area using ‘W’ drains or spoon drains.
Depending on the value of the saline land and associated assets, some engineering
options may be appropriate for the prevention or reclamation of saline land.
Engineering may also be used to change the status of an area (improve a moderate
to a high ‘productive potential’ area) to either increase the productivity of saline
pasture systems or improve the land to the point of cropping with cereals.
Management recommendations common for all classes of saline land are:
• Fence to control grazing and manage erosion
• Prevent inundation
• Manage waterlogging and encourage leaching
• Ensure maximum plant cover (restrict evaporation and manage soil loss)
• Change land use to a saltland system as soon as salinity is apparent.
The above classifications do not take account of the potential for the productive use
of saline groundwater or industries that may develop as a result (aquaculture, solar
energy through evaporation ponds, etc).
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Table 4.6.1 lists some generic options available for each saltland category in 400 to
600 mm rainfall zone.  Costs and benefits given are a general guide only.
Table 4.6.1.  Generic options for managing salt-affected land
Productive
potential Options Costs and benefits Comment
Fence, control surface water
and let regenerate naturally.
Cost of fencing.  Some minor
direct economic benefit in
long term.
Exclusion of stock,
regeneration, reduced
erosion, use water and
provide wildlife habitat.
Low
Establish to ‘low input’
saltbush/bluebush or similar (no
legumes possible).
Establishment costs
(excluding fencing and water
supplies) of $100-150/ha.
Production likely to be low (~
1 t/ha/yr) and uneconomic.
Opportunistic grazing;
reduced erosion,
increased water use,
some wildlife habitat
and improved
appearance.
Control surface water (run-on) to
improve conditions and reduce
waterlogging and inundation.
<$100/ha, benefits from
improved productivity
(below).
Required to prevent
inundation and excess
waterlogging.
Moderate
Establish saltland pastures
(saltbush-balansa or blue bush
systems if not waterlogged).
Establishment cost of $100-
150/ha (not including water
supplies and fencing);
benefits from meat/wool
income; deferred grazing.
Return may be $30-75/ha.
Revegetation of Eucalyptus (e.g.
oil mallee), Casuarina,
Melaleuca, and related species.
Establishment costs could be
>$500/ha, Benefits (oil
mallees, melaleucas) from oil
and associated products; few
if any timber products, seed;
unlikely to be productive
(short term).
Break-even option
included sale of
timber, added grazing.
Very few businesse s
using these options at
present (long term;
high risk).
Groundwater drainage options.
Installation costs >$1000/ha.
Benefits dependent on salt
leaching and extent of
watertable lowering.
Most applicable in
highly permeable soils
and high value assets
at risk.  Safe disposal
required.
Install permanent raised beds
and crop with barley and oats.
$1000/ha; increase crop
yields.
Gives cropping option.
Fate of raised beds in
grazing not yet clear.
Sandplain and related seeps
can be reclaimed using strategic
drainage and tree planting.
Up to $500/ha establishment;
each ha established can
reclaim 5-10 ha.
Salinity of water
determines benefits
(stock water, tree
water use).
High-risk tree-crops (E.
camaldulensis, hybrids).
$1000/ha establishment.
Longer term crops for
specialty timbers or fibre.
Increased salinity over
time, distance,
markets
High
Groundwater drainage options.
$1000+/ha to install. Benefits
depend on salt leaching and
extent of watertable lowering.
Most applicable in
highly permeable soils
and high value assets.
Safe disposal required.
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4.6.2 Additional perennial recommendations for saline land
Lisa Crossing, Hydrologist, Albany
Table 4.6.2 summarises halophyte species selections for saltland applications.
Outstanding selections are small leaf bluebush (Maireana brevifolia), river saltbush
(Atriplex amnicola) and samphire (Halosarcia pergranulata).
Table 4.6.2.  Other land use options for salinised agricultural land in the South
Broomehill-Gnowangerup study area (after Malcolm and Swaan 1989).
Species Tolerances Attributes
River saltbush
Highly salt-tolerant, drought
tolerant, moderately
waterlogging tolerant.  Has
good long term survival
Good long-term survival.  Palatable and
recovers from grazing.  Lowers shallow
watertables.  May be difficult to establish
from seed
Small leaf blue bush
(Maireana brevifolia)
Well-drained slightly to
moderately saline soils.  Does
not tolerate waterlogging.
Palatable and recovers from grazing.
Contains oxalate – may need to be fed with
hay.  Volunteers readily.
Samphire
(Halosarcia species)
Highly tolerant to salt and
waterlogging
Volunteers readily.  Recovers from grazing.
Has high salt content.
Wav y leaf saltbush
(Atriplex undulata)
Highly salt-tolerant, moderately
waterlogging tolerant.
Good long-term survival.  Harvestable
seed.  Recovers from grazing.  Susceptible
to fungal attack.
Quailbush
(Atriplex lentiformis)
Highly salt-tolerant, moderately
waterlogging tolerant.
Gives good early growth.  Provides good
shelter.  Does not persist.
Old man saltbush
(Atriplex
nummularia)
Highly salt-tolerant, lower
tolerance to waterlogging than
river saltbush.
Good long-term survival.  Low recruitment.
Low palatabil ity.
Grey saltbush
(Atriplex ciliata)
Highly salt-tolerant, moderately
waterlogging tolerant.
Has an erect and prostrate form.
Palatabil ity varies.  Does not persist.
Puccinellia
(Puccinellia ciliata)
Tolerant of salt and
waterlogging.
Palatable, recovers well from grazing.
Responsive to N and P fertilisers.
Tall wheat grass
(Thinopyrum
elongatum)
Less tolerant to salt. than
puccinellia. Tolerates alkaline
soils and moderate
waterlogging.
Moderately palatable.  Needs heavy
rotational grazing.  Responsive to N and P
fertilisers.
Balansa clov er
(Trifolium
michelianum)
Highly tolerant to waterlogging,
tolerant to low salinity.
Very high feed value.  Can grow as under-
storey to saltbush.  Responsive to P
fertilisers.  New short-season cultivars
‘Frontier’ suited to drier locations.
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5. Further information and contacts
Kelly Hill, Coordinator, Social Impacts of Salinity, Cranbrook
The following section is a guide to further contacts and supporting details, according
to the information that has been presented in this report.  It can be used to assist with
decisions and implementation options, and contains details such as telephone
numbers and addresses for local contacts, along with useful (and reliable) website
addresses.
5.1 Farming systems contacts
5.2 Funding opportunities
5.3 Useful community contacts
5.4 Useful agricultural internet sites.
Much of the information presented is possible first points of contact.  Another useful
source of current and relevant information is the Department of Agriculture’s website:
www.agric.wa.gov.au/agency/Pubns
In particular, the site at www.agric.wa.gov.au/environment/ contains details regarding
environmental management in Western Australia, but more importantly, the link to the
Rapid Catchment Appraisal (RCA) page and its associated information.
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5.1 Farming systems contacts
Contacts Publications / Websites
Western Australian Lucerne Growers’ Inc
C/- Department of Agriculture
Katanning 9821 3333
Farmnote 135/2000 'Lucerne in Pasture-crop Rotations -
Establishment and Management.
Western Australian No-Tillage Farmers’
Association (Inc) Ph/fax: 9622 3395 Mobile:
0427 223 395
www.wantfa.com.auLower recharge
farming systems
Department of Agriculture
Farming Systems Development Officers
Katanning 9821 3333
Albany 9892 8444
Jerramungup 9835 1177
Department of Agriculture 'Low recharge farming systems: Case
studies on the South Coast.' Misc. Pub. 22/2000.
Western Australian Lucerne Growers’ Inc
C/- Department of Agriculture
Katanning 9821 3333
Farmnote 135/2000 'Lucerne in pasture-crop rotations -
establishment and management.
Western Australian No-Tillage Farmers’
Association (Inc) Ph/fax: 9622 3395
Mobile: 0427 223 395
www.wantfa.com.au
Cropping
options
Warm season
crops
Department of Agriculture
Farming Systems Development Officers
Katanning 9821 3333
Albany 9892 8444
Jerramungup 9835 1177
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Contacts Publications / Websites
Lucerne
Western Australian Lucerne Growers’ Inc
C/- Department of Agriculture
Katanning 9821 3333
Farmnote 135/2000 'Lucerne in pasture-crop rotations -
establishment and management.
Pasture
options
Other perennial
pastures
Department of Agriculture
Farming Systems Development Officers
Katanning 9821 3333
Albany 9892 8444
Jerramungup 9835 1177
Bulletin 4343 'Soil Guide' is relevant for all cereal & oil seed crops,
alternative grain legumes and perennial / annual pasture systems.
Fodder shrub
options
Tagasaste, Acacia
saligna and
saltbush
Department of Agriculture
Farming Systems Development Officers
Katanning 9821 3333
Albany 9892 8444
Jerramungup 9835 1177
Bulletin 4291, 'Tagasaste', 1994
FactSheet 37/2000 'Tagasaste'
The feed value of the perennial fodder shrub tagasaste
Farmnote 50/2000.
'Low recharge farming systems: Case studies on the South
Coast.' Misc. Pub. 22/2000
Commercial
farm forestry
Monterey pine
(Pinus radiata) &
maritime pine
(Pinus pinaster
Forest Products Commission (FPC)
Albany 9842 4530
Katanning 9821 7022
www.fpc.wa.gov.au
Tasmanian blue
gum (Eucalyptus
globulus)
Timber 2002 Executive Officer
Albany 9892 8520
www.timber2002.com.au
This site contains details of all industry stakeholders and contacts.
Joint venture companies:
Bunnings Tree farms 9771 7222
Integrated Tree Cropping 9842 1389
Eucalypts for
sawlogs
Farm Forestry Development Officer
C/- Department of Agriculture
Albany 9892 8418
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Contacts Publications / Websites
Oil mallees Oil Mallee Association of WA (Inc)
9478 0330
www.oilmallee.com.au
Department of Agriculture
Narrogin 9881 0222 Fact sheet 30/2000, ‘Eucalyptus Oil Mallees’
Carbon credit
trading
CALM Plantation Group
Como 9334 0463
Department of Agriculture Bulletin 4312 'Saltland Pastures in
Australia’ by E.G. Barrett-Lennard and C.V. Malcolm
Productiv e
use of saline
lands
Saltland plants
Saltland Pastures Association
9871 2041
'Saltland Pastures – Options and constraints' – Michael Lloyd, and
'Saltland Pastures? They are feasible and sustainable – we need
a new design' – E.G. Barrett-Lennard and M. Ewing. Papers from
5th National PURSL Conference Tamworth NSW, Australia 9-13
March 1998.
Saline aquaculture:
rainbow trout
Fisheries Western Australia
Albany 9841 7766
www.wa.gov.au/westfishProductiv e
use of saline
water Black bream Fisheries Western AustraliaAlbany  9841 7766 www.wa.gov.au/westfish
Freshwater
aquaculture
Yabbies and
marron
Fisheries Western Australia
Albany  9841 7766
www.wa.gov.au/westfish
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Contacts Publications / Websites
Regional Bushcare Facil itators
South Coast 9842 4519
Department of Agriculture
Revegetation Development Officers
Albany  9892 8444
Land for Wildlife officers
Albany  9842 4500
Native vegetation
management &
revegetation for
nature conservation
Greening Australia (WA)
Bushcare Support Officer
Tambellup 9825 3092
CALM Wildlife Notes:
'How to manage your granite outcrops' (CALM)
'How to manage your Wandoo woodland' (CALM)
'Managing your bush land' (CALM)
Land for Wildlife’s 'Western Wildlife' quarterly magazine
'Managing Dieback in Bush land' (jointly produced by Shire of
Kalamunda, Dieback Working Group, NHT, Bushcare and CALM)
Nativ e
vegetation
management
&
rev egetation
Protecting
waterways and
wetlands
Waterways WA Coordinator and Rivercare
Officers
Water and Rivers Commission
Albany 9842 5760
www.wrc.wa.gov.au
Engineering
options
Surface water
management
Department of Agriculture
Land Conservation Officers
Albany 9892 8444
Katanning 9821 3333
Jerramungup 9835 1177
Department of Agriculture Technical Report 185: 'Common
Conservation Works Used in Western Australia' (Martyn Keen
1998)
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Community
landcare
technicians
Broomehill: Grant Taylor 9825 3062
Denbarker: Ross Roberts 9857 6024
Denmark:   Angus MacKenzie 9840 9237
  Robert Underwood 9840 9018
Jerramungup: Trevor Davey 9835 1103
Katanning:      Norma Blyth 9821 1776
      Norm Flugge 9822 1505
      Tom Haddleton 9822 8037
Kojonup:         Peter Coffey  9833 6268
       Jenny Gardner 9831 1576
Many Peaks:   Bill Rochester 9846 1230
Ongerup:        Steve Newby 9828 2023
Plantagenet:   William Press 9845 1247
Rocky Gully:   Bill Waud 9855 1560
Wellstead:       Jeff McTaggart 9847 3003
Groundwater
management
Department of Agriculture
Albany 9892 8444
Katanning 9821 3333
Jerramungup 9835 1177
Dept of Agriculture Bulletin 4391 'An assessment of the Efficacy of
Deep Drains Constructed in the Wheatbelt of Western Australia'.
Groundwater
pumping, relief
wells & siphons
Department of Agriculture
Katanning 9821 3333
‘Relief wells in south Western Australia’ Farmnote 42/2001.
Soils
Acid soils,
soil structure &
water repellence
Department of Agriculture Soils Officers
Albany 9892 8444
Katanning 9821 3333
‘Management of soil acidity in agricultural land’
Farmnote 80/2000.
‘Looking at l iming: comparing lime sources’ Farmnote 69/2000.
Monitoring &
ev aluation
Monitoring &
evaluation
Land Management Society
Como 9450 6862
Farm Monitoring Kit – monitoring equipment for all aspects of your
farming operations.
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5.2 Funding opportunities
Regional
Wetlands
Program
Regional Wetlands Program Coordinator
C/- Water & Rivers Commission,
Albany 9842 5760
Grants of $600 /km for priority wetland fencing (priority of
wetlands already determined).South Coast
Funding
Opportunities
Farm Water
Supply Grants
C/- Water & Rivers Commission,
Albany 9842 5760
Grants available for establishment of farm and stock water
supplies (dams, troughs, pumps, etc).
State Funding
Opportunities
Coastwest /
Coastcare WA
Regional Coastal Facilitator
CALM Albany 9842 4500
Funding to encourage coastal protection through research,
education, and associated recreation facilities.
Community
Conservation
Grants
Community Conservation Grants Coordinator
CALM Perth 9442 0300
Funding available for the conservation of flora, fauna and
associated activities.
Fisheries WA –
Aquaculture
Development
Executive Officer – Aquaculture Development
Council, Perth 9482 7333
Funding available in two categories – Aquaculture Industry
Development Projects and Marketing, Industry Promotion
and Study Tours.
Fisheries WA -
Fishcare
Fishcare Officer, Perth 0482 7204 Funding available for the management of fish resources and
their environment – rehabilitation, education & maintenance.
Lotteries
Commission /
Gordon Reid
Foundation
Executive Officer
Gordon Reid Foundation for Conservation
Freecall: 1800 655 270
Funding for not-for-profit groups in conserving and restoring
indigenous plants, animals and micro-organisms and their
natural environment in WA.
Natural Heritage
Trust (NHT)
South Coast NHT Executive Officer
Dept of Agriculture
Albany Ph:  9892 8444
Funding for projects in many areas, including Bushcare,
Rivercare, Landcare, farm forestry, fisheries, wetlands, and
endangered species, to name a few.
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5.3 Useful community contacts
Agricultural
Services &
Contacts
Department of
Agriculture District
Offices
Albany 9892 8444
Jerramungup 9835 1177
Katanning 9821 3333
Access to technical information (& staff), l ibrary resources,
videos, publications and other current information and
services provided by the Department.
Community
Agriculture
Centres (CACs)
Cranbrook 9826 1306
Denmark 9848 1756
Gnowangerup 9827 1587
Plantagenet 9851 2706
Community centres run and staffed by the Department of
Agriculture, which offer all the services and resources of the
District Offices.
Indigenous liaison
Officer
Albany 9892 8444 Access to landscape and cultural information associated with
indigenous and cultural issues.
Landcare Centres
Borden  9828 1086
Gillamii (Cranbrook)  9826 1234
Run by the community, which provide landholders with
access to local Natural Resource Management information
and services.
Cropline Freecall: 1800 068 107 Run by the Dept of Agriculture, 5 days a week – advice on allaspects of cropping systems.
South Coast
Regional
Information
Centre (SCRIC)
SCRIC Manager
C/- Dept of Agriculture
Albany 9892 8444
http://www.scric.org
Information about natural resource management across the
South Coast.  Website offers regional information on news &
events, a bulletin board, databases, maps, reports, help &
education and links to other useful sites.
Regional
Group
South Coast
Regional Initiative
Planning Team
(SCRIPT)
SCRIPT Manager
C/- Department of Agriculture
Albany 9892 8444
http://www.script.asn.au/
SCRIPT is an independent organisation that brings people,
organisations and information together so that the regional
community drives sustainable management of natural
resources with positive social and economic outcomes.
Support
Services
Social Impacts of
Salinity (SIS)
Social Impacts of Salinity Coordinator
Cranbrook 9826 1306
Offers community funding information, regional support
contact lists, ‘Getting more from your group’ workshops &
general follow up support after the RCA process.
Landcare
Enterprise Officer
(LEO)
Landcare Enterprise Officer
Albany 9842 3717
http://www.script.asn.au/
Offers funding information for natural resource management,
employment & enterprise development, an online list of
funding compendiums, employment & training information
and assistance with project development.
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Great Southern
Area Consultative
Committee
(GSACC)
Albany 9842 5800
www.albanyworking.org.au/
GSACC supports initiatives in the Great Southern, by
supporting the efforts of business & the community towards
su stained economic growth, which maximises employment
opportunities & skil ls development.
Great Southern
Development
Commission
(GSDC)
Albany            9842 4888
www.gsdc.com.au/ The GSDC promotes economic and social development inthe Great Southern region of WA.
Telecentres
Frankland 9855 2310
Jerramungup 9835 4012
Kojonup 9831 0256
Ongerup 9838 1216
Wellstead 9847 2078
Telecentres provide facil ities for the local community to use,
such as photocopiers, internet access, faxes, laminators and
other office equipment (all with a small fee).  Telecentres can
also organise community events, as required (such as
training workshops).
Business
Enterprise
Centres (BEC’s)
Albany 9841 8477
Jerramungup 9835 1998
Tambellup 9825 1220
Business Enterprise Centres provide information and support
to local small businesse s including value adding,
diversification, training, and business/strategic/marketing
plans, to name a few.
Counselling
Services
Southern AgCare
(Family and
Financial
Counselling
Services)
Financial
Chris Wheatcroft (Gnowangerup) 9827 1559
David Poultney (Albany) 9842 2956
Family
Pearl Draper (Gnowangerup) 9824 1036
Dorothy Bailey (Mt Barker) 9854 3045
Provide a free, confidential and mobile service to landholders
in the following shires: Albany, Plantagenet, Cranbrook,
Kojonup, Tambellup, Broomehill, Gnowangerup,
Jerramungup, Kent, Katanning, Woodanilling, West Arthur,
Wagin, Dumbleyung & Lake Grace.
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5.4. Useful agricultural Internet sites (listed alphabetically)
Who Website address Comments
ABC Countrywide http://www.abc.net.au/rural/new s_states/trannrn.htm
This site contains transcripts of the ABC’s daily
National Rural News program.  This site also contains
the latest national weather and satell ite maps
AgFax Information
Retrieval System http://www.agric.wa.gov.au/customer_services/AgFax.htm
The home page of the Dept of Agriculture’s AgFax
service, which contain instructions on how to use the
service.
AGNET http://agnet.com.au/biglist.html A list of Australian agricultural sites.
Agriculture, Fisheries
and Forestry, Australia
(AFFA)
http://www.affa.gov.au/
Australian Wheat
Board
http://www.aw b.com.au/
Bureau of Meteorology
(WA) –
http://www.bom.gov.au/w eather/wa/
CSIRO Land and Water http://www.clw.csiro.au/
Department of
Conservation and
Land Management
http://www.calm.w a.gov.au
Fisheries WA http://www.wa.gov.au/w estf ish/
Hydrogeological Atlas
of WA
http://www.wa.gov.au/w estf ish/aqua/broc/groundw ater/index.
html
Kondinin Group http://www.kondinin.com.au/
Land and Water
Resources Research
and Development
Corporation
http://www.lwrrdc.gov.au/
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Landcare Australia http://www.landcareaustralia.com.au/
National Farmers
Federation Australia http://www.nff.org.au/
Rural Industries
Research and
Dev elopment
Corporation AgFact
sheets
http://www.rirdc.gov.au/agfacts
http://www.rirdc.gov.au/pub/shortreps/contents.html
Natural Heritage Trust
(funding program)
http://www.nht.gov.au/funds.html
Water and Rivers
Commission http://www.wrc.wa.gov.au
When using the Internet, particularly with overseas information, consider carefully whether the information is relevant to local (Western Australian) farming
systems and practices.  Are the chemicals described registered in WA?  Are the pests the same?  Are the soil types similar?
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6.1 References for alternative perennial pasture species
Lucerne
Farmnote No. 4/98  ‘Dryland lucerne – establishment & management’.
Farmnote No. 53/89  ‘Insect pests in lucerne’.
Farmnote No. 79/89  ‘Diseases and their control in lucerne’.
‘Success with dryland lucerne’ – contact Crop Monitoring Services 018 838 103
WA Lucerne Growers Association C/- Department of Agriculture Katanning.
Kikuyu
Perennial Pastures, Sudmeyer et al. 1994, Bulletin 4253. Department of
Agriculture.
Perennial pasture establishment technique, Buchanan et al. Esperance LCDC.
Perennial grasses for animal production in the high rainfall areas of WA,
Greathead et al., 1998, Misc Pub 2/98, Department of Agriculture.
Farmnote No. 11/95 ‘Kikuyu – the forgotten pasture?’
Farmnote No. 11/98 ‘Well adapted perennial grasses for the Esperance
sandplain’.
Rhodes grass
Perennial Pastures, Sudmeyer et al. 1994, Bulletin 4253 Department of
Agriculture.
Perennial pasture establishment technique, Buchanan et al. Esperance LCDC.
Farmnote No. 20/99 'Perennial grasses - there role in the Ellen Brook Catchment.'
Farmnote No. 12/98 'Niche perennial grasses for the Esperance sandplain.'
Tall fescue
Perennial Pastures, Sudmeyer et al. 1994, Bulletin 4253 Department of
Agriculture.
Perennial pasture establishment technique, Buchanan et al., Esperance LCDC.
Perennial grasses for animal production in the high rainfall areas of WA,
Greathead et al. 1998, Misc Pub 2/98, Department of Agriculture.
Farmnote 12/98, 'Niche perennial grasses for the Esperance sandplain'.
Phalaris
Perennial pasture establishment technique, Buchanan et al. Esperance LCDC.
Perennial grasses for animal production in the high rainfall areas of WA,
Greathead et al. 1998, Miscellaneous Publication Pub 2/98, Department of
Agriculture.
Results of investigations into the groundwater response and productivity of high
water use agricultural systems 1990-1997, Hunts Catchment, Smith et al. 1998
Resource Management Technical Report 176.
Farmnote 11/98, 'Well adapted perennial grasses for the Esperance sandplain'.
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Perennial veldt grass
Perennial Pastures, Sudmeyer et al. 1994, Bulletin 4253
Perennial pasture establishment technique, Buchanan et al. Esperance LCDC.
Farmnote No. 11/98 ‘Well adapted perennial grasses for the Esperance
sandplain’.
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7. Glossary
Alluvium: Weathered material transported by water.
Alkaline: The soil has an alkaline reaction or pH.  The pH measured in dilute solution
of calcium chloride is more than 7.0.  An alkaline soil alters the availability of some
nutrients for plant growth and will affect the growth of certain crops (e.g. narrow-
leafed lupins).  If a soil is strongly alkaline (pH more than 8.5) it can indicate
unfavourable conditions for most plants.
Alley farming: The term used to describe farming systems where crops and
pastures are grown between alleys of tree and shrub species.  The layout of the
alleys can take various forms from straight north-south plantings with narrow areas
between trees to widely spaced alleys following the contour of the land (e.g. along a
grade bank system).
Aquifer: Water bearing/permeable rock formation; likely rock types are sands,
gravels, sandstones, limestone and heavily fractured volcanic and crystalline rocks.
Artesian: An aquifer where the water is under sufficient pressure to flow freely from a
bore without pumping; the hydraulic head is above the ground level.
Bedrock: Consolidated rock at the bottom of a profile, underlying soil and regolith
material.  Bedrock may be exposed at the surface as outcrops.  Also referred to as
'basement rock'.
Claying: Adding clay to water repellent soils to improve water entry and retention.
Clay particles will coat the non-wetting sand grains and produce a new wetting
surface. Those clays that are spontaneously dispersed by rain are the ones to use
(for example, kaolinite).
Colluvium: Weathered material transported by gravity.
Discharge: Groundwater flow from an aquifer.  Evaporation from a shallow
watertable by capillary rise is often referred to as passive or diffuse discharge.
Dolerite: A medium-grained mafic igneous rock, which occurs mainly as dykes, sills
or small plugs
Duplex soil: A duplex soil is defined as a soil with a texture or permeability contrast
layer within the top 80 cm of the profile.
Dyke: An intrusive body of igneous rock, which cuts across the bedding or structure
of the host rock.
Fault: A fracture in the earth where movement has taken place.
Gneissic: A metamorphosed rock that, like granite, contains quartz, feldspars and
mica, but in which the grains are organised along bands.  Banding is due to
recrystalisation during cooling.
Grade banks: A flat-bottomed bank with a grade of 0.5% (10 cm in 20 m).
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Granitoid: An igneous rock that falls within the granite range.
Hydraulic conductivity: A measure of the ability of a fluid to move through sediment
or rock.
In-situ: Description of a material that occurs in the position it was originally formed or
deposited in.
Interceptor drains: Constructed with a cut into the clay subsoil to collect subsoil
seepage from perched watertables.  There are 2 types; conventional interceptors
have the spoil downslope whereas reverse interceptors have the spoil upslope.
pH (acidity/alkalinity) pH values taken as a guide only
pHCaCl2 pHwater
strongly acid <4.5 <5.5
acid 4.5-5.5 5.5-6.5
neutral 5.5-7.5 6.5-8.0
alkaline >7.5 >8.0
Moisture availability:  Describes the amount of moisture in the soil that is available
to be absorbed by plant roots
Relief:  The difference in elevation between the high and low points of a land surface
Subsoil: Layer/s of a soil below the topsoil, which are usually higher in clay and
lower in organic matter than the topsoil. Often called the B horizon/s of a profile.
Topsoil: Surface layer/s of a soil, which are usually higher in organic matter (at least
at the surface) and lower in clay than the lower layers (subsoil).  Often called the A
horizon/s of a profile.
Water repellence: A condition that affects the wetting pattern of soils, especially
sandy soils, and results in an uneven wetting pattern in autumn.  In the paddock,
patches of wet soil alternate with patches of dry soil, which results in poor
germination of crops and pasture.  It is caused by the build-up of organic coatings on
the sand grains.  A water droplet placed on the surface of a soil can demonstrate
water repellence.  If a soil is water repellent the water droplet will form a bead and not
penetrate quickly.
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Appendix 1: Maps
Four maps are presented with the report.
A1.1. Soil Landscape map for the South Broomehill-Gnowangerup area
The mapping was compiled by field sampling, aerial photograph interpretation (at
1:50,000) and use of Landsat TM and Digital Elevation Models (at 1:100,000) to
refine line work.  Field sampling was undertaken with an observation density of
approximately one site every 1.25 km and the publication scale is 1:150,000.
A1.2. Remnant vegetation distribution map (including Beard’s vegetation
community mapping).
A1.3. Land Monitor: Assumed area of low productivity and waterlogging with
remnant vegetation on an orthophoto scene of the South Broomehill–Gnowangerup
area.
A1.4. Land Monitor: Estimated hydrological hazard map with four intervals of
potential groundwater rise (0 to 0.5 m, 0.5 to 1.0 m, 1.0 to 1.5 m and 1.5 to 2.0.m).
A compact disk is also available by contacting the Department of Agriculture (Albany
Office).  It contains:
• A digital copy of this Resource Management Technical Report in an Adobe
Acrobat file format.
• Captured images of the maps, which can be reproduced (but not manipulated).  If
multiple copies of the maps are required, the CD can be brought to a District
Office of the Department of Agriculture, where at a nominal charge, the maps can
be reproduced.
• Free Acrobat Reader software, which can be downloaded from the CD so that the
report can be read.
• If the reader has access to the Internet, the CD also provides direct or live links to
online information (presented through the various hypertext links referred to in this
document).
SOUTH BROOMEHILL–GNOWANGERUP APPRAISAL
84
• APPENDIX 2. Land Monitor data & methods
The Land Monitor project covered the south-west agricultural area.  Products include:
• Maps of salt-affected/low-productivity land and its change
• Predictions of areas at risk of high watertables
• Maps of perennial vegetation changes over time
The two main data sources are:
• Landsat satellite images collected from 1988 to 2000 (the sequence of images
provides the history for monitoring changes)
• A new and accurate Digital Elevation Model (DEM) which provides data on the
height of the land at every location in the region
Ground information on salinity, salinity risk and vegetation condition is also used for
training and accuracy checking. A range of people, including hydrologists from the
RCA program, provides this information.
What is Landsat TM image data?
Landsat images are collected by a satellite sensor every 16 days. The images record
reflected energy from each ‘pixel’ on the ground. The sensor records visible and
infrared reflected energy as digital images.
About Landsat Images:
How frequent? : Every 16 days
Where? : Everywhere
Pixel size? : 30m by 30m (~0.1ha)
Data? : Digital reflected energy in six channels
  [Three visible: blue, green, red, three Infrared]
In a single image, different land cover types (e.g. bush, pasture) have different
reflected signals; differences in condition (e.g. productivity, vegetation density) also
affect the signal. The data can be displayed as a picture to highlight these
differences. In particular, images from the spring growing season show productivity
variations, and images from summer show variation in perennial vegetation type and
density.
Changes in land cover and condition can be detected with careful processing of a
sequence of images.
How are Landsat images and the DEM used for salinity mapping?
Landsat data do not measure salt concentrations in the soil directly, and they do not
see beneath the soil.
Land Monitor uses a series of spring images and the DEM to map ‘salt-affected /low-
productivity’ land. The image data are processed using sample ‘ground truth maps’ of
saline and non-saline land, to produce maps of similar cover types as seen by the
sensor. This information is combined with landscape position, and the sequence of
years is used to remove transient low-productivity areas resulting from management.
Salt-affected areas generally show consistently low productivity over time and are in
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relatively low-lying parts of the landscape. Landscape position data is produced by
mathematical processing of the DEM, and is used with the image data.
As a salinity map, the process is not perfect! Saline land, which is well covered and
appears productive in some years, may be missed.  Non-saline areas of consistent
low productivity may be erroneously mapped as salt-affected. In addition, small or
narrow saline areas may be missed, particularly if they are covered with remnant
vegetation.
An accuracy assessment is carried out to provide and estimate of the ‘error rate’ in
the maps. The accuracy assessment involves an independent check on the ground
for the true salinity status of a large number of points on the map. These are
conducted in at least two areas within each processed scene. Typical accuracies of
detection of salinity for Land Monitor maps are in the range of 75-90% by area.
By processing a whole sequence of Landsat Images, a sequence of ‘salt-
affected/low-productivity maps is produced which can be compared to produce a map
of change over time.
How is the areas-at-risk map produced?
The risk map is ‘trained’ using sample risk areas provided by hydrologists. These are
only available for small areas within the region.  The Land Monitor data (from the
DEM and Landsat) are then mathematically processed to match the expert’s maps as
accurately as possible. The results are then assessed where possible for accuracy in
comparison with independent predictions by hydrologists.
Factors which affect risk of high watertables and for which data are available:
• Relative landform position (a number variables derived from the DEM are used)
• Land cover (e.g. % clearing) derived from Landsat.
Note that none of the variables measure the depth to watertable. All DEM variables
are derived from the land surface shape given by the DEM. Many are derived from
water-accumulation models, which calculate the ‘catchment’ or ‘upslope area’ for
every point.
The ‘height-above-flow path’ variable can be used to assess degree of risk within the
at-risk area. The ‘flow paths’ are not creeklines as traditionally mapped; they are
features with a large upslope area, which include actual creeks. They are identified
from the DEM processing by thresholding the water accumulation variable at a high
value. Once these features are defined, the height-above is simply a vertical
elevation from the flow paths (again done using the smoothed DEM), which defines
an area on the ground.
More information on Land Monitor methods and results:
More complete information on the methods, results and accuracy for different areas
can be found on the website: http://www.landmonitor.wa.gov.au
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Appendix 3: Summary of bore data (shallow adjacent bores
not included) from the Gnowangerup catchment
Bore name Depth drilled(m)
Last reading
(date)
Water level
(m)
Salinity
(mS/m) Dry?
GHS1D 7.2 7/05/01 -6
KO13463D 4.2 20/11/95 -1.38
KO15801D 3.5 1/08/96 -1.64
KO22282D 7.2 5/11/98 -0.93 1762
KO24934D 5.5 5/11/98 -3.03 3220
KO3294AD 2.4 3/08/99 -0.37 4640
KO3294CD 7.2 7/11/96 -1.08 4350
KO3294ED 8.6 19/01/89 0.55 4470
KO33041D 7.2 7/11/96 -2.07 4050
KO37903D 7.2 10/05/00 -1.4
KO38181D 7.2 3/08/96 -1.77 2390
KO38363D 7.2 1/02/97 -2.2 2650
KO62471D 5 8/02/98 -5 D
KO72321D 5.4 1/11/97 -5.4 D
PL15903D 2.7 3/11/97 -1.39
PL51651D 7.2 13/12/95 -0.78 4830
PL51671D 7.2 1/08/98 -1.1 4460
PL51673D 7.2 15/11/97 -2.07 844
